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“Selling’”’ Science 


WE in this country have always looked upon the 

Americans as a nation which, if it does not worship 
at the altar of science and technology, at least welcomes 
progress in these fields with open arms. It comes as 
something of a surprise, therefore, to find Dr. James R. 
Killian, Jr., President of the Massachusetts Institute of 
Technology, calling for a wider 
recognition of science and of NY 
creative intelligence. Warning ‘) 
that the patriotic and dramatic 
service of science in national 
defence may divert attention i! 
from its true character as a 
humanising, creative, and 
spiritual force, Dr. Killian said, “‘ With the growing 
recognition of the importance of science to the national 
welfare, there have appeared adverse reactions to 
science—reactions of fear, uneasiness and misunder- 
standing with respect to the work and methods of the 
scientist. If American science is to continue to prosper, 
if it is to continue to attract to it its proper complement 
of creative and gifted minds, we must everywhere combat 
the mistaken notion that science and engineering are 
narrow, provincial and destructive of human values. We 
must demonstrate that science and engineering are great 
liberalising, humanising forces, as well as the greatest 
intellectual structure achieved by our civilisation, and 
that the spirit and outlook of science have given, and 
continue to give, strength and vigour to the character 
and spirit of the American people.” 

Dr. Killian was speaking of conditions in the United 
States, but if the word British is substituted for American 
there is little one would wish to refute. It is generally 
accepted that there is, in this country, a need for more 
scientists and technologists, but if an increase is to be 
brought about, so that science and technology begin to 
—not continue to as Dr. Killian put it for the U.S.A.— 
attract their ‘‘ proper complement of creative and gifted 
minds,”’ then science and technology will have to be 
“sold” to the public in general and to parents and 
teachers in particular. As Dr. Willis Jackson, Director 
of Research for Metropolitan-Vickers Electrical Co., 
Ltd., said in the course of a recent talk to the North 
Western Fuel Luncheon Club in Manchester, in spite of 
the publicity since the end of the war, many teachers 
and parents seem still to be ignorant of the dangers to 
national prosperity in the shortage of technologists, and 
of the opportunities now offered in such work. It is 
true that, compared with pre-war years, the number of 
students of these subjects in our universities has greatly 
increased, but so have those of students in other faculties. 
The number of first degrees and diplomas awarded in 
technological (mainly engineering) subjects in 1953, was 
just over 3,600, compared with almost 1,700 in 1939, 
whilst in pure science, the numbers increased from 2,500 
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to about 5,700, yet some 43°%, of the university popula- 
tion is still on the arts side, compared with 20-5°% in 
pure science and 12-2°, in technology. 

It seems obvious that there is room for an intensifica- 
tion of the propaganda effort. There are those whose 
natural inclinations are such that they are more likely to 
be successful on the arts side than in science, and vice 
It would be inadvisable to try to persuade those 


versa. 
ote eee. people to change their loyalty, 
“oe but there are others who 

#) would be equally successful in 

i either sphere, and it is to them 

4 that science and technology 

‘* must look for an increase in 

jf recruitment. A man of a 


i 


scientific turn of mind would 
probably be happier following his bent even if it led to 
inferior financial rewards—and there is something to be 
said for contentment of mind—but such considerations 
do not apply in the case of a man for whom such a 
profession has no strong pull. He has got to be assured 
that he can do as well in the scientific or technological 
field as he could in other professions. Can that assurance 
be given ?/ 

Assuming that it can, there remains the problem of 
training. This, in the first place, calls for an adequate 
number of science teachers in the schools—otherwise, 
students will be unable to qualify for admission to the 
universities, or the latter are going to be handicapped 
by an influx of students with inadequate basic training 
who are unable to take full advantage of the facilities 
offered. The question of the shortage of science teachers 
is already causing grave concern, and is in itself the 
direct result of industry’s increased demand for scientists. 
The higher salaries attainable in industry have resulted 
in a trend away from teaching. This process, carried to 
its logical conclusion, will defeat its own ends, for without 
teachers of science in schools, the future supply of 
scientists will be grievously imperilled. For industry to 
reduce its salaries would deter the recruits so badly 
needed and the only solution appears to be some improve- 
ment in the salaries paid to science teachers. This, too, 
might help to attract more entrants to the scientific 
field. 

Finally, there is the university. The old definition of 
an educated man as one who “ knows what he knows, 
knows what he doesn’t know, and knows where to find 
what he doesn’t know ”’ is woefully incomplete, for the 
real essence of education is to teach a man to think 
clearly. The main function of the university is twofold : 
firstly, to teach the fundamental concepts of the subject 
concerned ; and, secondly, to teach the students to 
think. To fulfil its purpose, the university needs men 
of the right calibre on its teaching staff, and here again, 
it must be realised that industry can, by poaching, 
starve itself of future supplies of scientists, or at least 
impair their quality. 
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Meeting Diary 


21st December 


Institute of British Foundrymen, East Anglian Section. 
“Fault and Cure.’’ Central Hall, Public Library, Ipswich. 
7.30 p.m. 


22nd December 


Society of Instrument Technology—Cheltenham Section. 
‘* Recording Instruments,” by J. Brarp. Civic Playhouse 
Lounge, Bath Road, Cheltenham. 7.30 p.m. 


3ist December 


Institution of Mechanical Engineers. ‘ Development 
of the Lost-wax Process of Precision Casting, 1949-1953,” by 
J. 8. Turnsutt. 1, Birdeage Walk, Westminster, London, 
S.W.1. 5.30 p.m. 


3rd January 


Institute of British Foundrymen, Sheffield Branch. 
‘“ Britain’s Largest Steel Casting.” Film and paper by 8S. 
Taytor. College of Technology, Pond Street, Sheffield. 7.15 p.m. 


4th January 
Institute of Metals—-Oxford Local Section. “ Titanium,” 
by Masor P. LirHerRtanp TEED. Ballroom of the Cadena 
Cafe, Cornmarket Street, Oxford. 7 p.m. 


5th January 


Institute of British Foundrymen—Burnley Section. 
“Design and Gating of Various Castings,””’ by W. CoLLInGe. 
Burnley Technical College, Ormerod Road, Burnley. 7.30 p.m. 


Institute of Metals—South Wales Local Section. 
“Oxidation of Metals,” by Dr. U. R. Evans. Metallurgy 
Department, University College, Singleton Park, Swansea. 
6.45 p.m. 


Institute of Welding. ‘ Welding Design—Theory and 
Practice,” by Dr. F. KoENIGSBERGER. Reynolds Hall, College 
of Technology, Manchester. 7.15 p.m. 


6th January 
Institute of Metal Finishing, North-West Branch. 
Address by the President, Prorgessor J. W. CUTHBERTSON. 
Engineers’ Club, Albert Square, Manchester. 7.30 p.m. 


Institute of Metals—Birmingham Local Section. A 
Debate on the Motion ““This House Considers that, at the Present 
Stage of Industrial Metallurgy, Empirical Methods of Research 
are more Profitable than those Employing the Fundamental 
Approach.” Proposed and seconded by Dr. D. V. ArreRToN 
and J. CrowTHER: Opposed and seconded by Dr. A. R. E. 
Srncer and G. Parkin. James Watt Memorial Institute, 
Great Charles Street, Birmingham. 6.30 p.m. 


Institute of Metals—London Local Section. ‘Some 
Aspects of Twinning and Kinking in Metals,” by Proressor 
A. H. Corrreti. 4, Grosvenor Gardens, London, S.W.1 
6.30 p.m. 


7th January 


Institution of Mechanical Engineers. “ Impact Torsion 
Experiments,” and “‘ Experiments on the Effect of Rate of 
Testing on the Criterion of Failure of Certain Mild Steels,” by 
Dr. N. G. Catverr. 1, Birdcage Walk, Westminster, London, 
S.W.1. 5.30 p.m. 


Society of Instrument Technology—Fawley Section. 
“Industrial Instrumentation,” by L. Yoxart. Copthorne 
House, Fawley, Hants. 7 p.m. 


8th January 


_Institute of British Foundrymen—Newcastle Branch. 
Visit of Mr. Jonn Bex, President of the Institute, accompanied 
by Mr. G. Lampert, General Secretary. Neville Hall, West- 
gate Road, Newcas.le upon Tyne. 6 p.m. 

Institute of British Foundrymen, Scottish Branch. 


“ Production and the Foundry,” by E. W. Barwetu. Royal 
Technical College, Glasgow. 3 p.m. 
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Institute of British Foundrymen—West Riding of 
Yorkshire Branch. ‘“* Metallurgical Aspects,” by H, 
Forrest. Final lecture in series followed by discussion of all 
papers. Technical College, Bradford. 6.30 p.m. 


10th January 


Institute of Fuel—North Eastern Section. “ Carbonization 
of Blends of Coal to Produce Metallurgical Coke,” by H. 
BarDGEttT. Chemistry Lecture Theatre, King’s College, Newcastle 
upon Tyne. 6.30 p.m. 


Institution of Engineering Inspection—East of Scotland 
Branch. “ Electro-Plating and its Application in Industry,” 
by S. A. SrannaRD. Royal British Hotel, Dundee. 7.30 p.m, 


Institution of Engineering Inspection—Wolverhampton 
Branch. Film on “ The Spraying of Metals,” and a talk, to be 
presented by METALLISATION, Ltp. Compton Grange, Compton 
Road, Wolverhampton. 7.30 p.m. 


llth January 


East Midlands Metallurgical Society.‘ Some Applications 
of Science to Crime Detection,” by C. H. Epix. Nottingham 
& District Technical College, Shakespeare Street, Nottingham. 
7.30 p.m. 


Institution of Engineering Inspection—South Western 
Branch “ Cathode Ray Tubes,” with film, by C. H. Garpner. 
Grand Hotel, Broad Street, Bristol. 7.30 p.m. 


Institution of Structural Engineers. ‘‘ Welding at the 
Atomic Plants,” by L. RornerHam. Joint Meeting with the 
Institute of Welding (Liverpool and District Branch). The 
Liverpool City College of Technology. 7 p.m. 

Sheffield Metallurgical Association. Annual General 
Meeting of the Refractories Group. Open Hearth Furnaces (iv), 
Walls, Ends and Ports. 3B.I.S.R.A. Laboratories (Sheffield 
Group), Hoyle Street, Sheffield, 3. 7 p.m. 


12th January 


Institute of British Foundrymen, Lancashire Branch. 
‘* Approach to Foundry Mechanical Handling,” by C. M. G. 
Wattwork. Engineers’ Club, Albert Square, Manchester. 
7 p.m. 

Manchester Metallurgical Society. Conversazione in the 
Metallurgy Department of The University, Manchester.,6.30 p.m. 


13th January 


Institute of British Foundrymen—Beds.—Herts. Section. 
‘** Production of Castings for Diesel Engines,”’ lecture illustrated 
by slides and film, by C. R. vAN DER Bren and H. Haynes. At 
W. H Allen, Sons & Co., Ltd., Bedford. 7.30 p.m. 


Institute of British Foundrymen, Lincolnshire Branch. 
‘“ A Mechanised Foundry for Small Blackheart Malleable Cast- 
ings,’ by J. Roxpureu. Technical College, Lincoln. 7.15 p.m. 


Institute of British Foundrymen—Southampton Section. 
Three films :—‘‘ Production of Pig Iron at Renishaw Works,” 
“ Steel’ and “ Magic in Metal.”’ Technical College, St. Mary’s 
Street, Southampton. 7.30 p.m. 

Institute of Fuel. “Integration in the Iron and Steel 
Industry,” by W. F. Cartwricut. Institution of Civil Engineers, 
Great George Street, London, S.W.1. 5.30 p.m. 


Liverpool Metallurgical Society. Discussion on “ Inspec- 
tion versus Production.” Liverpool Engineering Society, 9, 
The Temple, Dale Street, Liverpool. 7 p.m. 


14th January 
Institute of British Foundrymen—Tees-Side Branch. 
‘* Shell Moulding,” by J. Alcock. Teesdale Hall, Head Wrightson 
& Co., Ltd., Thornaby-on-Tees. 7.30 p.m. 


Institution of Mechanical Engineers. James Clayton 
Lecture. ‘“‘ The Theory of Plasticity: Recent Achievements 
and Fu‘ure Problems,” by William Prager. 1, Birdcage Walk, 
Westminster, London, 8.W.1. 5.30 p.m. 

Society of Instrument Technology—Scottish Section. 
‘* Installation of Temperature Measuring Instruments.” Discus- 
sion. Preceded by the Annual! General Meeting. The Natural 
Philosophy Department, Royal Technical College, Glasgow 
7 p.m. 
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Twenty-Five Years of Nickel Alloy 


Fabrication 
Silver Jubilee of Zenith Works 


The story of the Zenith Works of Henry Wiggin and Co. Ltd., illustrates the increasing 

use of nickel alloys in various industries since it commenced operations in 1929. It 

indicates, too, the problems which have had to be overcome in the fabrication of these 

materials, particularly the Nimonic alloys with their high-temperature strength and their 
accompanying resistance to hot working. 


ment of G. & J. Weir Ltd. moved from the 

Company’s Cathcart works near Glasgow, to a 
new works in the neighbouring district of Thornliebank, 
and for a quarter of a century the Zenith Works as it 
was called, has been engaged in the fabrication of nickel 
alloys. Throughout this period, operations at Zenith 
have been in charge of Mr. A. B. Graham, now a Director 
of Henry Wiggin & Co. Ltd., who was associated with 
the original Monel activities of G. & J. Weir, Ltd. when 
that concern became concessionaire of the International 
Nickel Company more than thirty years ago. During 
the early years there was much disappointment and 
frustration, and it was not until 1927 that the Monel 
Department could claim real progress in terms of 
steadily expanding sales. As a result of further progress 
during the succeeding year, however, it was decided to 
build a new works for the manufacture of Monel tubes, 
and to form a separate company, Monel Weir, Ltd., for 
their development and sale. 

The Zenith Works which was opened in 1929, was 
essentially a tube mill designed for the production of 
tubes of small diameter and of specialised types. Its 
central feature was a large Pilger mill, designed to 


T ment of G. 3 years ago, the Monel Metai Depart- 


produce shells, or hollows, from long-bored Monel billets. 
These shells were subsequently pointed and drawn down 
cold on double chain drawbenches, being annealed 
between draws in a continuous bright-annealing furnace. 
The high hopes which had been entertained for the 
success of tube manufacture by pilgering were doomed 
to disappointment and, after two years of unsuccessful 
experiment, it was decided that some other method 
would have to be adopted if the projeet of large-scale 
Monel tube manufacture was to be realised. Further 
trials on a small press introduced for the production of 
a sideline—sink bowls—suggested that extrusion was 
likely to effect a vast improvement over pilgering, and 
developments in this direction quickly followed. 


Mond Nickel—INCO Merger 


Success came with the installation, in 1931, of a 600- 
ton vertical extrusion press. Before long Zenith was 
making cupro-nickel and copper tubes, not only for use 
by G. & J. Weir, but also for outside customers. It is 
believed that the cupro-nickel heater tubes still in use 
in the liner Queen Mary are those which were produced 
at Zenith in 1931, for installation in this ship. Mean- 
while, of course, the Cathcart Works of G. & J. Weir 





The Monel Department at G. & J. Weir’s Cathcart Works in 1927. 
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were still producing large quantities of Monel in other 
forms—turbine blading, tanks, pickle crates and even 
20 s.w.g. wire from }-in. rod. 

From its formation in 1928 Monel Weir Ltd., as a 
subsidiary of G. & J. Weir, had been INCO’s U.K. 
concessionaire for Monel but, meanwhile, the merger 
between INCO and The Mond Nickel Company had 
occurred and Mond’s subsidiary, the old-established 
Birmingham firm of Henry Wiggin & Co. Ltd.—pro- 
ducers of semi-fabricated nickel and nickel alloys—had 
become a part of the INCO organisation. It was logical 
to take into the same organisation INCO’s Scottish 
partner, and in 1932 Monel Weir Ltd. became a depart- 
ment—an important and thriving department—of 
Henry Wiggin. Inevitably the merger brought major 
changes to the Scottish operations. Some of the plant 
was transferred to Birmingham, the shops and stores at 
Cathcart were vacated and all remaining plant and stocks 
were transferred to Zenith. 

A new era had begun. Production now included 
fabrication of shapes in pure nickel, nickel-silver and 
the other alloys which were already established Wiggin 
products. Within a few years it was found necessary 
to expand the works and build more suitable office and 
canteen accommodation. A striking and very efficient 
administration block was erected, new bays were added 
to the works and the existing ones lengthened. 
Extrusion operations were notably increased by the 
addition in 1935 of a 2,000-ton horizontal press. 

Searcely were the various improvements completed 
than the war came and for five years Zenith worked day 
and night producing turbine blading for destroyers, 
tubes for fighter and bomber aircraft and a multiplicity 
of other essential war-time items, not only in the Wiggin 
high-nickel alloys, but also in other non-ferrous alloys. 
But this was by no means the whole of the war-time 
story. In the difficult days of 1941, when the fortunes 


of Britain were at a low ebb, and when Zenith was at its 
busiest, the call came for a vast extension of operations, 
an extension which involved the building and equipping 
of a new factory—the “C.C. Factory ”’—on what was 





The Zenith Plant at the time of its opening in 1929. 
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until then the Zenith recreation ground, adjacent to the 
works. 

Progress in this project was so rapid that only six 
months after the first sod was cut the production of 
brass shell case cups was under way. Gradually the 
whole of this enormous plant was brought into operation 
and the manufacture of shell cases continued until the 
end of the war. 


Post-War Developments 


The return of peace inevitably brought to an end the 
demand for shell cases and considerably reduced the 
market for other Zenith products. The situation was 
changed, to a large extent, by the advent of the Nimonic 
alloys—developed during the war by The Mond Nickel 
Company’s research organisation and manufactured by 
Henry Wiggin & Company. It was these alloys—with 
properties at high temperatures better than those of 
anything previously tried—which made the jet engine 
a practical proposition. 

In 1945, however, jet propulsion was still in its infancy, 
and the development of the Nimonic alloys was far from 
complete. The vast expansion of their use—not only 
for aircraft but also for other purposes involving high 
stresses at high temperatures—was envisaged, and 
Zenith undertook the forging of Nimonic turbine blades. 
The skill of drawing office and toolroom staffs, coupled 
with the excellent toolroom facilities bequeathed by the 
now defunct C.C. Factory, permitted the speedy and 
efficient production of gas turbine blades of extremely 
high quality. 

This, however, was only a beginning. Before long, 
attempts were made to produce extruded shapes in the 
more difficult alloys and in due course, after much 
experiment involving the use of glass as a lubricant, 
considerable success was achieved. Extruded sections 
and tubes are now being produced in Nimonic alloys 
with almost the same facility as in other nickel alloys, 
which are easier to work. 

Recent additions to the plant include a 1,000-ton 
vertical forging press to give the extra power needed for 
the production of larger turbine blade forgings. It also 
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produces rotor discs in Nimonic for aero and commercial 
gas turbines. Some of the works’ original equipment— 
the drawbenches installed in 1928, and the rolling mills 
first used at Cathcart in 1924— is still in use, however, 
and is stretched to its utmost capacity to cope with the 
demand for increased sizes in increasingly difficult alloys. 
Whereas 20-ft. tubes were considered long in 1928, for 
example, they are now regularly made in lengths of 
32 ft. To take another example, a 1 }-in. diameter tube 
was then considered big: tubes of around 4-in. diameter 
are now being extruded and cold drawn. 


The Works To-day 


The present plant at Thornliebank covers an area of 
8-34 acres, of which 3-2 acres are under cover. Behind 
the fine block of offices erected in 1937 lies the works. 
The two west bays house all the extrusion and forging 
presses and a large part of the modern annealing equip- 
ment. East of these are situated the drawbench bays 
and rolling department where the hot worked material 
is shaped by cold drawing or cold rolling into the final 
product. 

The very wide range of products includes tubes, stay- 
bolts, round and hexagonal bars, flat sections and 
angles ; turbine blades for jet engines, both as pressings 
and as aerofoil section ; and forged rotors up to 18-in. 
diameter for gas turbines. 

A large amount of development work is always in 
hand and there is close collaboration with the Mond 
Nickel Company’s Development and Research Depart- 
ment and with the Wiggin Process Development Section 
at Birmingham. The design and construction of the 
many special types of tools required for such work can 
be handled on the premises. Recent examples of 
development work are the extrusion of hollow turbine 
blades for jet engines and the manufacture of rotor discs 
incorporating turbine blades on the periphery for small 
commercial gas turbines. 

Most work undertaken at Zenith is based on extruded 
tube or section. In recent times the extrusion process 
has undergone a revolutionary change as a result of the 
introduction of new lubricants, the full implications of 
which are still being actively explored. An example of 
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Zenith Works to-day. 
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what has been achieved is that, where 22: 1 used to be 
the maximum reduction possible with Brightray, 3-in. 
diameter wire rod can now be made by direct extrusion 
of 6-in. diameter billets—a reduction of 256: 1 ! 

Raw material comes to Zenith in the form of hot rolled 
bar, forged ingots, or “ as-cast ”’ billets. The object of 
much recent process development work has been to 
determine how to produce cast ingots suitable for direct 
extrusion and the use of this material is steadily 
increasing. 

Before extrusion, any skin defects are removed by 
machining and the billets are cut to suitable lengths 
with circular saws. For some tube extrusions it is 
necessary to use drilled billets. 


Extrusion 


This department is at the hub of operations at Zenith. 
It contains five presses, the oldest being a 600-ton 
vertical press—the first ever built for the extrusion of 
nickel alloys. The largest is the 2,000-ton horizontal 
press and there are also two 400-ton vertical presses used 
entirely for hot forging and experimental work. In 
addition, there is a 1,000-ton vertical forging press. All 
five presses are supplied by a hydraulic-air accumulator 
system powered by two 250 h.p. pumps. 

Standard products on the 600-ton vertical press are 
12in.x}in. tubing and {in. diameter bar, although 
larger sizes of both tubes and bar are often produced 
on it. The press will give extrusion ratios of up to 
20: 1 from 32 in. diameter billets and up to 14:1 from 
4 in. diameter billets. 

Before feeding to the press, billets are heated to 
1,080°-1,200°C. in a gas-fired semi-muffle furnace con- 
taining a slightly reducing atmosphere to avoid billet 
scaling. A molten mixture of tallow and graphite 
lubricant is swabbed over the pre-heated container and 
tools before each billet is inserted and, when tubes are 
being produced, the mandrel is cooled between each 
extrusion. The product is then parted from the discard 
by specially shaped punches and quenched to reduce 
oxide formation and so facilitate subsequent pickling. 

One advantage possessed by this particular press is its 
ability, when using concentrically drilled billets, to 
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Extruding Monel shell in the 2,000-ton horizontal press. 


produce more accurately concentric extrusions than is 
usually possible by piercing on a horizontal press. An 
interesting extrusion done on this press is the production 
of two angles at a time. 

The 2,000-ton horizontal press is now largely used for 
experimental and production work, using the new glass 
lubricants, although a considerable amount of work 
using graphite lubricants is still being done. In the 
latter case, a hemispherical piercing point fitted on the 
mandrel advances against the hot billet and, as a result 
of some inverse extrusion, the slug finally expelled is a 
smaller volume of metal than the billet bore. The 
method is an attractively economical one for producing 
tubing from a solid billet. For solid extrusions the 


piercing ram can be used to supplement the power of 


the main ram. 
furnace equipped with the 
atmosphere control apparatus. 
The maximum possible reduction with graphite 
lubrication on this press is 22:1. Using billets 7 in. in 
diameter and 18 in. long, tubes with an outside diameter 


Preheating is carried out in a gas-fired 
latest temperature and 


of between 23 in. and 4} in. and wall thicknesses of 


—s 
between 0-217 in. and } in. can be produced, the limits 
for solids being 14 in. and 3 in. diameter. 


Extrusion using glass as the lubricant is still in the 
development stage for many applications, principally 


sections, but is firmly established for the production of 


bar and tubes in all Nimonic alloys, tubes in ‘O’ nickel, 


angles and bars in Monel, and for the extrusion of 


‘small billet ** sections in Nimonic 75 and 80 which are 
subsequently hot or cold roll finished to turbine blade 
sections. 

Considerable modifications in the shapes of tools have 
been found necessary to achieve success with these 
glass-lubricated extrusions. Regular production now 
includes 4 in. diameter Monel rod extruded from a 7 in. 
billet, a reduction ratio of 200: 1 and giving rods 70 ft. 
long, radio valve nickel tubing made from “ as-cast ” 
billets, and Monel “as-extruded”’ angles. The most 
important achievement has probably been the successful 
extrusion of sizes and shapes in Nimonic alloys, which 
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Hydraulic squeeze pointing of tubing. 


were previously 
forging operations. 

After extrusion, angles are straightened in a roll 
straightener and deglassed by immersion in hydrofluoric 
acid, ready for cutting to specified lengths. 


unobtainable except by expensive 


Pickling 

A separate building houses the pickling shop. A series 
of plastic lined steel tanks contain sulphuric acid /sodium 
nitrate and chloride baths for Monel and nickel, straight 
sulphuric acid for Nilo alloys and Armco iron, alkaline 
permanganate solution for alloys containing chromium, 
and dilute nitric acid for deleading. After pickling, any 
residual acid is neutralised in hot lime water and the 
product passed on to the next stage. Annexes to the 
pickling shop contain a lead bath and the deglassing 
tanks mentioned above. 


Cold Drawing Department 

Before rods and tubes can be reduced by cold drawing, 
it is first necessary to reduce the ends sufficiently to 
allow them to be threaded into the die. Rods are 
pointed in horizontal eccentric crank presses, and large 
tubes tanged in a hydraulic squeeze pointer. This 
machine contains eight dies, each a segment from a 
complete circle and powered by a pressure cylinder. A 
stepped circular tang is produced as the dies close and 
repeated squeezes, with the tube advancing between 
each, produce a tang of the required length and diameter 
quickly and with very little manual effort on the part 
of the operator. Small tubes are tanged in rotary 
swaging machines. 

Limed or lead-coated bars are ready for cold drawing 
after tanging, but tubes have first to be lubricated and 
dried. Lubrication of non-chromium alloys consists of 
immersion in a bath of soap solution, almost at boiling 
point. Subsequent draining leaves dry tubes with a 
film of soap inside and out. 
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Tubes in alloys containing chrom- 
ium are now coated with a paint-type 
adhesive lubricant and stoved. This 
lubricant has advantages over lead 
in that it is much easier to remove 
from the bore of tubes and is effective 
on oxidised surfaces, so that even 
open-annealed Nimonic alloy tubing 
may be cold drawn without pickling. 
An oxalate process has recently been 
developed and is giving promising 
results on cold drawn solids. 

A wide range of drawbenches is 
availabe, the largest taking tubing 
with an outside diameter of 3} in. and 
the smallest }in.; on one modified 
bench, lengths up to 30 ft. may be 
drawn. Dies are of either tungsten 
carbide or a tungsten high-carbon 
steel, and draw plugs of either 
straight high-carbon or _nickel- 
chrome steels bearing a hard chrom- 
ium plate. 

With tubes above 1 in. outside 
diameter, one single pass of 20-30% 
reduction is taken between anneals, but jwith smaller 
sizes and the use of carbide dies it is possible to take a 
second and sometimes a third pass, giving a total 
reduction of up to 50%. Either soap powder or 
heavy oil is used as a supplementary lubricant during 
drawing. 


Annealing Department 

As many of the alloys work harden rapidly, inter-pass 
annealing is a major part of the process at Zenith and 
there are three furnaces available for this work. 

A 33 in. wide roller hearth electric furnace, using a 
protective atmosphere of desulphurised, partially-burnt 
town’s gas, effectively treats all alloys except those 
containing chromium. It has a maximum temperature 
of 1,000° C. and gives a bright anneal which is 





Hot rolling Nimonic 80 turbine blade section. 
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Tubing being heat treated in the 18 in. wide continuous furnace. 


suitable for further cold working without the need for 
pickling. 

Chromium-containing alloys are annealed on an 18 in. 
wide conveyor belt electric furnace of 110 kW. capacity 
using a protective atmosphere of straight cracked 
ammonia gas. Radio valve “O” nickel tubes are also 
treated in this furnace as they are particularly susceptible 
to the presence of sulphur during annealing. 

A “ ring-quench ” has recently been added, primarily 
for annealing long lengths of Nimonic 80 tubing, which 
need to be water-quenched from the annealing tempera- 
ture to make them soft enough for reasonably easy cold 
drawing. The tubes are carried by driven rollers through 
a series of oil combustion chambers and a water-quench 
ring, the temperature attained by the ring being a 
function of chamber temperature and roller speed. 


Production of Nimonic Alloy Blades 

and Vanes 

There are separate lines of production for 
each of three types of Nimonic blade 
sections. 

Nimonic 75 strip blading is produced by 
extruding either a round or billet section, 
deglassing, hot rolling to a suitable profiled 
section, annealing, pickling and _ finishing 
by cold rolling. All strip blading is finished 
by draw rolling, in which a drawbench is 
used with the normal dies replaced by a 
pair of undriven rolls. This method gives 
sharper edges, more accurate profiles and 
straighter lengths with unsymmetrical sec- 
tions than normal mill rolling. The product 
is finally straightened in a seven-roll machine 
which carries shaped rolls for each section 
dealt with. 

Nimonic 80 nozzle guide vanes are made 
by extruding sections which are then 
deglassed by quenching and hot rolled to 
finished sizes. After straightening, wet 
abrasive saws cut the section into the required 
lengths which are then fully heat treated, 
hardness tested and grit blasted. 
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Dumb-bell rolling machine in operation. 


Turbine blade forgings are manufactured from bar 
which is first parted to accurate slug lengths by wet 
abrasive saws and then fed to a dumb-bell rolling 
machine of unique design. In this, a nest of three 
hydraulically driven rolls forms the parallel slug (pre- 
heated to 1,150° C. in an electric furnace) into a dumb- 
bell shape. After the shanks have been taper-machined, 
the dumb-bell is heated to 1,160° C. for first stamping 
in one of the 400-ton vertical presses, which operate as 
hot squeeze forgers on this work. Flash is sheared and 
the stampings ground before a second and final press in 
the same dies. Two electric furnaces, with temperature 
accurately maintained at 1,080°C. by potentiometric 
recorder controllers, are used for solution treating the 
blades and other Nimonic alloy sections, and may also 
be used for the 700° C. age-hardening treatment when 
required. A 135 kW. furnace with fan circulation is 
also available for the latter work. Hardness testing, 





Welding Monel chain in the fabricating shop. 


grit blasting and inspection then complete the finishing 
processes. Cast identification is very carefully retained 
throughout. 
Ancillary Departments 

All activities depend on the supply of tools being 
readily available and there are a drawing office and well- 
equipped toolroom to meet the needs of the production 
departments. All tools except carbide dies are produced 


and heat treated in the toolroom. There are also 
separate engineering and_ electrical maintenance 
departments. 


Finished products, to own or customers’ designs, are 
shaped and assembled by gas or electric welding in the 
fabricating shop, which produces welded chains and 
crates for pickling baths, tubular heaters and coils, ete. 








Argonaut Welding of Mild Steel 


NTIL recently the Argonaut welding process has been 
confined mainly to light alloys, although it has also 
been used with stainless steel and copper-base alloys. 
Experiments carried out jointly by the British Oxygen 
Co. Ltd. (makers of the equipment) and the United 
Steel Companies Ltd., have now established that the 
process is satisfactory for welding certain qualities of 
carbon steel in all positions with the exception of vertical 
fillet and butt welds. 

A number of tests have shown that the porosity 
problem can be overcome with the proper technique, and 
sound welds of proper strength and metallurgical quality 
have been obtained in semi-killed boiler quality steel 
and fully-killed pressure vessel quality steel. It has also 
been found that the metal deposited in butt welds in 
these steels has a greater strength than the parent metal, 
both in the as-welded and stress-relieved conditions. The 
tensile strength of the weld specimens is quoted as 
36 tons /sq. in., as deposited, and 34 tons/sq. in. stress 
relieved, while the bend tests show adequate ductility. 

The Argonaut process uses a shielded are with a direct 
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current of relatively high amperage (50,000 amp. /sq. in. 
minimum), on a continuously fed bare wire electrode of 
small diameter. The manner of metal transfer by 
projection across the are permits welding in all positions 
save those mentioned above for mild steel. No flux is 
needed and the welds are of good quality, free from 
slag and inclusions, and there is also, complete freedom 
from post-weld corrosion problems when welding light 
alloys or stainless steel. The fusion rate in Argonaut 
welding is much higher than that with conventional 
metallic are welding and a higher weld speed is 
consequently obtained. 

The application of the Argonaut process to carbon 
steels has been subjected to further practical production 
welding tests, and, although the majority of these were 
sited in the open air, no difficulty was experienced by 
the movement of the argon shield, provided small 
screening arrangements were adopted. Further work is 
necessary to establish correct welding conditions for 
vertical and overhead butt and fillet welds, and for 
horizontal-vertical butt welds on carbon steels. 
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Equipment for testing mechanical strength at high temperatures. 


Crucible Co. Ltd., carbon has played an important 
part in its progress, for the Company was founded 
at Battersea, almost a hundred years ago, to manu- 
facture clay-bonded plumbago (natural graphite) cru- 
cibles for mines, refineries and foundries. New refractory 
products in the shape of clay and magnesite assay ware 
crucibles, muffles, cupels, ete.—quickly followed and the 
Company thereafter gradually widened its interests into 
fields associated through common raw materials, similar 
processing, or associated fields of application. To-day, 
the Company’s products include plumbago crucibles, 
refractories, carbon brushes for electrical machines, 
carbon specialities, sintered metal products, lighting and 
welding carbons, carbon and graphite paints, greases 
and lubricants, chemical carbon and graphite, radio and 
electronic components, and silicon carbide heater rods. 
Though Battersea has remained the largest individual 
unit of the Morgan group, and is its administrative and 
technical nerve centre, a network of units has now been 
created, some controlled directly, and some through 
associated and subsidiary companies. These embrace 
several works in the U.K., and are represented through- 
out the industrialised world by factories, sales and 
technical offices, agents and stockists, appropriate to 
local circumstances. Overseas manufacturing facilities 
are available in Australia, South Africa, Canada, United 
States, Hungary, Italy, Spain, Brazil, Chile, Indonesia, 
Japan and Malaya. 

The organisation of each self-contained department is 
headed by a general manager, and embraces the functions 
of works management, process control and development, 
product control and development, selling and engineering 
service. The need for co-ordination, collaboration and 
cross-fertilisation between the various departments is 
met by: (a) an excellent and practical committee 
system; and (b) central advisory and cross-linking 
services which include accountancy, market research and 
advertising, maintenance, constructional and installation 
engineering, and central research. During the last three 
or four years, some £100,000 has been spent on equipping 
the Central Research Department, which is housed in a 
multi-storey building, and in the present article an 
outline is given of its organisation and functioning. 


"[crucibie Co. 1 the long history of the Morgan 
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The Central Research Department 

Elements of this central research service existed for 
many years in the shape of departmental research, 
central analytical laboratories and personal co-ordination 
of technical effort at higher staff levels. Post-war, it 
was decided to rationalise and strengthen these activities 
and to set up, at Battersea, a Central Research Depart- 
ment, itself responsible, through a general manager, to 
a director. 

It was considered that the nature of the work, with 
its combination of craftsmanship and detailed know-how, 
demanded that the advantages of empirical or trial- 
and-error development be fully retained, and _ that, 
dependent as they were upon the intuitions and “ know- 
how ” of experienced technicians in day-to-day contact 
with the shop floor, process and product control and 
development must remain departmental. 

This left the roles of the Central Research Department 
clear as: to ascertain facts ; to fill in background ; to 
centralise specialised equipment and specialists in its 
use ; to co-ordinate and cross-fertilise technical thought 
and experience ; and to create new ideas and develop 
them to the pilot plant stage, when they do not clearly 
lie in the field of any existing department. Additionally, 
it was decided that the Central Research Department 
could beneficially lease space and services and generally 
act as landlord to departmental technical workshops. 

To meet these aims a C.R.D. organisational set-up on 
the lines shown in the chart was evolved. Although 


General Manager 
|——_———Administrat on 


Research Engineering Scientific 
Group Services Group Services Group 
Physics Engineering Methods Chemical Analysis 
Chemistry Instrumentation Physical Analysis 
High Temperature (including Pyrometry) Information 
Chemistry Experimental Kilns (including Patents 
Mathematics and Central 


Pilot Plant Library) 


(The general manager is directly responsible to a member of the 
board of the parent company, who himself takes a lively interest in 
the activities of the department.) 


Organisation of Central Research Department. 
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Research on Crusilite element. 


trial-and-error methods have been and still are a lively 
source of progress and development, they are to-day 
insufficient. The Board, however, did not see research 
and empirical technical development as competing 
alternative methods of securing progress, but as com- 
plementary means to that end. In order to ensure that 
the satisfactory relations between the C.R.D. and the 
engineering and production staffs so necessary for 
effective co-operation were established at the outset, a 
start was made by aggregating existing established 
services, such as chemical analysis, pyrometry and 
methods engineering. Expansion upon this basis then 
followed by natural evolution and creation of demand. 

After six years of operation, all sections of the 
Company recognise the value of the services which the 
Central Research Department can offer and use them 
naturally. Spontaneous day-to-day consultation occu- 
pies some 15%, of C.R.D. staff time. To-day’s tasks are 
to keep such consultations within reasonable proportions, 
to agree on priorities of investigations and researches, 
to develop the ability “to spot winners ” 
deserving concentrated effort, and generally 
to assist the acceleration of developments 
from being an idea to reaching the user in the 
form of improved, new or more economic 
products. 

As will be seen from the organisation chart, 
there are three Groups in the Department 
Research, Engineering and Scientific Services 

and some indication of the activities of 
the individual sections is given in the fol- 
lowing account. 


The Research Group 


The work of the Research Group derives 
from three main sources :— 

(a) The Technical Committees of the vari- 
ous Company manufacturing groups. 

(6) Research and development contracts, 
from external bodies such as the Mini- 
stry of Supply. 

(c) The Central 
itself. 


Research Department 
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The first group accounts for about 55°, of 
the available effort, the second about 20% 
and the last about 10%; the remaining 
15°, as already noted, is utilised in day-to- 
day consultative services and ad hoc assis. 
tance to the various Company development 
departments. 

The research projects undertaken cover a 
wide range of subjects, and qualified staff 
are required to have a broad catholic 
approach to their particular science, 
although there is ample encouragement to 
make the best of individual enthusiasms. 
The organisation of research projects on the 
“small unit” basis has been deliberately 
avoided, as where small teams are segre- 
gated, working in separate cells, they are 
not adequately aware of the work of others 
in the department. For this reason there 
are a few large laboratories rather than 
many small ones. Each graduate has at 
least two projects to tackle, sometimes 
quite different from each other, and assis- 
tants are not attached rigidly to a particular graduate 
since they will normally be assisting more than one 
qualified staff member. Liaison with the Technical Com- 
mittees of the manufacturing groups is assured by repre- 
sentation of the Central Research Department on each 
Committee, and by the worker responsible for a project 
being able to report personally to the same Committee. 


Chemistry Section. 

The work in this section is mainly inorganic or 
physical chemistry, and typical problems include research 
into the properties of silicon carbide, particularly 
reactions with gases; investigations into the reactions 
which occur between the various constituents of graphite 
crucibles during works heat treatments; and research 
into the oxidation of carbon and graphite. In other 
fields some studies on the rheology of clays, and of 
synthetic resins used in certain chemically-resistant 
cements, have been or are being studied. Radioactive 
isotope techniques are being used to study possibie 





Test furnace, comprising Morgan MI 28 bricks and Crusilite silicon car- 
bide heater elements, for high temperature research. 
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Checking optical pyrometer against N.P.L. standard lamp. 






points otherwise difficult to express. The analysis of 
experimental work helps progress in other sections. The 
Mathematics Section is often made responsible for 
projects where detailed analysis of experimental ob- 
Thess ndings tee ceatien debicuniantion servations seems likely to provide clues to simpler 
of oxidation rates. development or research; thus investigations have 
included research into growth phenomena associated 
formation of films by carbon brushes running on copper with certain metal-carbon products, and into tool wear 
commutators, and investigations are proceeding into the associated with machining carbon products. 
formation of refractory coatings for carbon and graphite. Bench Pilot-Plant Section. 
Work on materials for use in radio resistors and potentio- 
meters is also being carried out. 


































Where research seems likely to lead to the development 
or production of quite new materials or processes, the 
High-Temperature Chemistry Section. Bench Pilot-Plant Section provides a useful intermediate 

This section is mainly concerned with chemical and step in putting into practice the ideas of the other 
metallurgical reactions and processes occurring above research sections, and in enabling a more accurate 
about 1,500°C. This temperature range is of great economic assessment of a new process or product to be 
importance to the carbon and refractory sections of the made. The production of a new form of ultra-high-ohmic 
Company, and the dearth of information in this field resistor, now being marketed under the name Megistor 
amply justifies a separate section. Problems include was developed from experimental work in the Chemistry 
investigations into metal-ceramic bodies for high- Section and passed over to the appropriate Company 
temperature engineering applications, and work on the division as a workable and economically sound process. 
wetting properties of metals. Research and development Similarly, this section has developed a process for 
into refractory turbine blades is also being carried out. producing a special refractory article for use as a 

ee ta catalyst support. Improved methods of kilning carbon 
Physics Section. products are constantly under review. 

The Physics Section has been largely responsible for . _ 
developing special tests and test-rigs for determining The Engineering Group 
high-temperature properties of refractories, metal- 
ceramics and carbon. Research into the electrical 
properties of silicon carbide is receiving attention, and 
modern methods of particle size analysis are employed 
in the studies of powdered materials. Problems of 
measurement of very high temperatures and of deter- 
mination of reliable heat transfer data for graphite heat 
exchangers are also being tackled, and there is a lively 
interest in the fundamental physical factors which 
influence the functioning of carbon brushes. 


Methods Engineering Section. 


This section has three main functions :— 

(a) To satisfy the demands of the C.R.D. for all kinds 
of mechanical and electrical devices ranging from 
‘sealing wax and string” to precision work of 
the highest accuracy. 

(6) To investigate any production problem arising in 
any of the company’s manufacturing groups. This 
may involve a simple jig modification, a prototype 
machine up to medium size or in a few cases a 


Mathematics Section. recommendation on change of layout. 

This section is doing valuable work in the design of (c) To keep abreast of and be prepared to advise on 
controlled works experiments, and in statistical analysis the latest production engineering techniques. 
of technical production data. The section has also given The section is staffed by a team of design engineers 


assistance to technical sales departments in providing all of whom are works-trained and hold Higher National 
simple working analogues for “ putting over”’ technical Certificates in mechanical engineering. On the same 
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Furnace for testing experimental glazes. 


site as the design office is a well equipped workshop 
staffed by time-served mechanics. Close co-operation is 
thus ensured between designer and mechanic, which is 
of particular value in the early stages of prototype design. 
The workshop is well equipped with lathes, millers, 
shapers, grinders, welding plant and sheet metal working 
tools. 

It has been found by experience that the best results 
are obtained when a mechanic is allowed to do his job 
from start to finish, i.e., he does both his own machining 
and fitting. That this policy of close collaboration 
between engineer, mechanic and research worker has 
been successful is indicated by the fact that 75°, of the 
apparatus and equipment used in the C.R.D. has been 
made in this section. 


Instrument Section. 


Instruments, particularly those for measuring and 
recording temperature, are of exceptional importance to 
the Company. It is no exaggeration to say that tem- 
perature control is the most important feature of all the 
many production processes. 

The section is in three divisions :— 

(a) Instrument repairing and servicing (ammeters, 

volt-meters, etc.). 

(6) Pyrometry, which covers installation and servicing 
of all temperature measurement instruments and 
the running of special tests when required. The 
pyrometry service is run on a “ territorial ” basis. 
Each engineer has a given “ territory ’’ and he is 
responsible for the instruments in that area. 
Checks are taken at fixed intervals and recorded 
on a card, one card for each instrument. 
Electronics, including design, making and servicing 
of all types of electronic equipment. This is a 
field which is being intensively explored and more 
uses are constantly being found for this revolution- 
ary technique. 

There is a_ well-equipped standards room which 
includes such equipment as bridges, standard lamps and 
a dead weight tester for pressure gauge checking. 


(c 


Experimental Kilns. 
This section is staffed by practical experienced kiln 
burners working under the administrative control of the 


266 


Engineering Group, but under the direct technical 
control of section leaders in the Research Group. 

This section has the following functions :— 

(a) Testing Morgan refractories under actual service 
conditions as distinct from conditions as simulated 
on a laboratory bench. 

(b) Evolving new designs of kilns. 

(c) Carrying out production trials on new kiln 
processes or on ware requiring new firing techniques 
to improve their quality. 


The Scientific Services Group 


Analytical Chemistry Laboratory. 

The work of this laboratory falls into three main 
parts :-— 

(a) Routine or semi-routine analyses as an aid to 

process control. 

(b) Non-routine investigations on samples from all 

sources. 

(c) The development of new methods and the 

investigation of new analytical techniques. 

Thousands of samples are examined each month, 
ranging in nature from simple control tests to the 
complete analysis of clays.and other minerals, or the 
full investigation of a complex mixture of unknown 
materials. Most of the routine samples examined are 
received from the process control departments. The 
non-routine samples, a large proportion of which are 
received from the research sections, are normally 
analysed by senior graduate analysts. 

The analytical laboratory plays an important part in 
research, in checking the purity of chemicals and 
reagents, or the detailed examination of complex 
products from a chemical experiment. This frequently 
involves materials or compounds on which there is little 
or no published information. Close co-operation with 
the research sections is maintained, discussion between 
the analyst and the research worker being encouraged. 

Finally new analytical techniques must be kept 
constantly under review, and new equipment examined. 
New or improved methods of routine or semi-routine 
analysis must be developed to keep pace with the 
changing demands of the process control departments. 
The laboratory also acts as a consultant to the analytical 
laboratories of subsidiary or associated companies 
carrying out check analyses or reviewing and testing 
new methods. 


Physical Analysis Laboratory. 


This laboratory is concerned with the examination of 
materials and products by physical methods, the main 
methods in general use being microscopy, spectrography 
and X-ray diffraction. Other methods of less general 
application such as differential thermal analysis are also 
used. 

The work falls into the same three main sections as in 
the Analytical Laboratory, but with a greater emphasis 
on research problems. This is to be expected in that the 
equipment used comprises essential research tools 
necessary to the elucidation of the nature and constitu- 
tion of the materials and products of research. Valuable 
service is rendered to the process control departments, 
in particular by the spectrograph which can quickly 
detect and identify small quantities of materials, and 
by X-ray diffraction which can throw light on the 
complex changes which may take place in manufacturing 


METALLURGIA 





er reed 













| 








processes or to a product in service. It is interesting to 
note that both of the X-ray diffraction sets were con- 
structed by the joint efforts of the section and the 
Engineering Methods section. 

Close contact is maintained with the Chemical Analysis 
Laboratory, the methods and services of one laboratory 
being mutually available to the other. 


Information Section. 

This section collects, stores, records and disseminates 
technical and scientific information from all sources. 
The speedy and efficient extraction of information from 
many, and sometimes unexpected, sources is a specialised 





technique, and forms a valuable and essential part of 
research. This section also stores and indexes all the 
records of research carried out in the Department. 

The technical library forms part of the section. The 
world’s technical press is scrutinised each month and 
selected journals are circulated throughout the Company. 
New information on any relevant subject is quickly 
brought to the notice of research workers directly 
interested. 

Finally, the section deals with the Company’s patent 
business, advising on the patentability of new inventions, 
preparing specifications and steering applications on 
their course through the Patent Office. 


Dust Problems in Foundries 


T a recent meeting of the Newcastle-upon-Tyne 
A branch of the Institute of British Foundrymen, Mr. 
W. H. White, Development Engineer of the British 
Cast Iron Research Association, gave a talk on dust prob- 
lems in foundries, their causes in relation to general condi- 
tions and individual processing units, and how some 
causes may be mitigated and unit generation of dust con- 
trolled. In view of the new Factory Regulations which 
come into force on Ist January, 1956, there was a good 
attendance of members and visitors. 

In recent years considerable attention has been given 
to the problem of dust in foundry operations, not only 
with the object of reducing the potential danger to 
health of operators, but as part of the work of improving 
conditions in foundries that has been in progress for a 
long time with beneficial results. Several committees 
are working on the closely related subjects of the 
suppression and removal of dust, smoke and fumes, and 
much investigational and experimental work has been 
varried out. It was particularly opportune that Mr. 
White, who has been responsible for much of this 
experimental work, should discuss the subject of dust, 
which is of so much concern to foundrymen. 

The subject was discussed under three main headings : 
elimination, suppression, and control. It is generally 
considered that the elimination of foundry dust is 
impossible, but much can be done to suppress it and 
prevent it from rising into the atmosphere. The per- 
sistent damping of sand that is likely to be disturbed is 
a common and effective way of reducing the amount 
of dust in foundry atmospheres. The most satisfactory 
method of dealing with the dust resulting from the 
stripping of castings from their moulds, however, is by 
exhaust ventilation, but the varying conditions in 
different foundries make the adoption of this method 
very difficult. 

In mechanised foundries it is common practice to 
strip castings from their moulds on a grating arranged 
with down draught ventilation, but Mr. White empha- 
sised the limitations of this method, and stressed the 
need to change the direction of the rising dust as a 
means of controlling it by exhaust ventilation. Although 
a considerable volume of air might be used in the down- 
draught method, its usefulness falls rapidly above the 
grating and much dust continues to rise ; a side duct, in 
addition to the down-draught, would assist greatly in 
controlling the removal of the dust. 

Some examples of successful methods of suppressing 
or controlling dust were illustrated. Films were shown 
of the removal of a core from a casting, with and without 
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the use of a tool fitted with a water spray, and also of a 
grinding wheel for cleaning castings fitted with a 
Dusgard, both of which have been developed by the 
British Cast Iron Research Association. 

There can be no doubt that much progress in this 
direction has been achieved, but, inevitably, it must 
be slow because there is much to be done before satis- 
factory methods can be evolved that can be applied 
economically to the widely differing conditions in 
various foundries. Whether sufficient progress will be 
made to bring the regulations into force on Ist January, 
1956 is doubtful ; in any case, considerable tact will be 
necessary in their interpretation and subsequent 
application, bearing in mind that foundries are primarily 
concerned with the production of castings of quality at 
low cost. 


Correspondence 
Drip Feed Gas Carburising 
The Editor, METALLURGIA. 
Sir, 

We would refer to the article in the November issue 
of Meratiurata headed “ Drip Feed Gas Carburising.”’ 
Upon reading this article, one is given the impression 
that drip feed gas carburising is a process which has 
only just been introduced to the engineering industry by 
Messrs. Wild-Barfield after years of research. We would 
like to add our comments. 

We introduced the ‘‘ Leeds and Northrup ’’ Drip Feed 
Homocarb Equipment into this country as far back as 
1941, and we feel quite sure that the many users of this 
equipment would agree that all the necessary conditions 
which make drip feed carburising a highly practicable 
proposition were fulfilled from that time. 

Yours faithfully, 
for Integra, Leeds and Northrup, Ltd., 
D. ATHERLEY 
Furnace Department. 
Birmingham, 15. 24th November, 1954. 
Readers will, of course, be aware, from references which have appeared in 


METALLURGIA, of the drip-feed gas carburising equipment marketed by Integra, 
Leeds & Northrup, Ltd., and others.—Editor. 





Change of Telephone Number 
THE telephone number of the Ministry of Supply Royal 
Ordnance Factory at Llanishen has been changed to 
Cardiff 53251. 








Exaggerated Grain Growth in Extrusions 
By D. H. Locke, B.Sc., Ph.D. 


(U.K. Atomic Energy Authority, Springfields, Preston) 


The exaggerated grain growth found in extrusions results from a combination of the 
complex flow conditions which prevail during the extrusion operation and the subsequent 


heat treatment. 


Although several practical solutions of the problem have been suggested, 


they are nearly all open to criticism, and the author concludes that a detailed study of 
grain growth would provide further useful information on this question. 


Introduction 


HE problem of exaggerated grain growth in 

extrusions is one of long standing. Perhaps the 

commonest examples which occur in practice are 
associated with extruded duralumin and hot-stamping 
brass. Heat-treated sections in the former material 
have been found to have excessively large-grained 
peripheries, and hot-stamping brass, in the form of 
extruded bar, has often cracked during stamping, the 
cracking having been attributed to the presence of large 
grains after preheating. 

The extruded material, as it issues from the die, 
probably possesses a fine grain structure in all cases, but 
the treatment it subsequently undergoes can alter this 
structure and produce a very inhomogeneous one, 
containing extremely large grains. These operations 
generally involve heating of the material to some 
temperature above its recrystallisation temperature, as 


in the cases mentioned above. The recrystallised 
structure produced exhibits the troublesome grain 
growth. 

It is now fairly well agreed that this structure, 


characterised by uneven grain size, can be attributed to 
the complex flow conditions which occur in the extrusion 


conditions and to refer to the results obtained by various 
workers which have led to the above conclusion. In 
addition, the remedies which have been suggested for 
overcoming the tendency for excessive grain growth will 
be critically discussed. These remedies are not entirely 
satisfactory, so that a solution to the problem is still 
being sought. It is hoped that this article will give 
added food for thought to those engaged in improving 
the extruded product. 


The Flow of Metal During Extrusion 
1. Mechanism of Flow in Direct Extrusion. 


Metal flow in extrusion is complicated by several 
peculiarities of the process, the most important being 
the geometrical conditions and the marked frictional 
effects which occur. These are unique in metal working 
operations, and make an analysis of flow difficult. 
However, by such a study it should prove possible to 
obtain a reasonable picture of the mode of deformation 
and this has been the aim of many workers. 

Several methods have been used in such research!~’. 
and perhaps the most successful involved the use of a 
co-ordinate net pattern as demonstrated by Pearson.’ 
From a study of flow on a laboratory scale and in works 





process. In this review it is proposed to consider these 
Courtesy of Chapman & Hall, Ltd. Courtesy of Chapman & Hall, Ltd, 
Fig. 1.—Type A Flow. 
Direct extrusion of tin 
at 100°C. using lubri- 
cation. rication. 
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Fig. 2.—Type B Flow. 
Direct extrusion of tin 
at 100° C. without lub- 


Courtesy of Chapman & Hall, Lid. 


Fig. 3.—Type C Flow. 
Partial extrusion of hard 
brass billet by direct 

extrusion. x4 
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Fig. 4.— Macrostructure of aluminium billet extruded 


length. 


practice, he broadly classified three types. The first, 
Type A, can be described as “ frictionless slipping.” 
Fig. 1 shows this type of flow obtained by Pearson in tin 
extruded at 100°C. in a lubricated container. It can 
be seen that the billet undergoes no appreciable deforma- 
tion until it reaches the die area, and even here, the 
interior receives little working. Shearing occurs at the 
die face, the outside elements of the billet being held 
under the shoulders of the die, forming a small area of 
dead metal. 

The second type of flow, Type B, introduces the effect 
of slipping friction, which leads to shear of the billet 
before the metal concerned reaches the die area. This 
results in an increase of the more heavily worked area 
around the outside of the extrusion, and an increase in 
the amount of dead metal left under the die shoulders. 
Pearson obtained this type of flow in tin extruded at 
100° C. without lubrication, Fig. 2, and with bismuth 
extruded at 17° C.8 

The third type of flow, Type C, is the commonest in 
the hot extrusion of hard metals. Here, sticking friction 
occurs and the zone of shear found at the outside of the 
billet with flow of Type B extends much further in. 
More dead metal is left in front of the die and along the 
container wall, internal deformation of the metal taking 
place along the whole length of the billet. The peripheral 
dead metal, which contains the oxide skin of the billet, 
is forced inwards in the latter stages of extrusion as can 
be seen in Fig. 3, and ultimately enters the extruded bar 
and gives rise to the “ extrusion defect ’’.%° Also, if 
extrusion is carried too far, the billet becomes hollow 
due to the impossibility of metal flow from the front 
corners of the container. The extruded bar contains 


much more heavily worked material with flow of Type C 
than with flow of Type B the zone extending to the 
centre of the bar at the back end. 

Two factors contribute to producing flow of this type, 
the first being a difference in temperature between the 
container and the billet, and the second the high 
co-efficient of 


friction of some metals against the 
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Fig. 5.—Macrostructure of 
billet similar to that in 


Fig. 4, but extruded 80% 


3 


of its length. x j 


44% of its 
x } 


container. In the case of ferrous metals and copper and 
its alloys, the first factor is the more important, the 
container temperature generally being 200°-300° C. below 
the temperature of the billet; this cools the outside 
of the billet, increasing the depth of the heavily sheared 
zone. Pearson demonstrated this by extruding tin at 
100° C. in a cold container, obtaining flow of Type C. 

Aluminium and its alloys depend upon the second 
factor, the high coefficient of friction between the billet 
and the container generally enforcing complete shear 
between the inside of the billet and its skin. 


2. Mechanism of Flow in Indirect Extrusion. 


Pearson has also studied flow using the indirect 
method of extrusion,’ where the billet remains stationary 
in the container and bar is produced by extruding 
through a die into a hollow ram which pushes the die. 
His results show that, with container friction effects 
removed, the flow nearly approaches that of Type A. 
Heron!! has compared direct and indirect extrusion, and 
has come to the conclusion that if the technical difficulties 
could be overcome, the indirect process would give better 
results, due to the improved flow conditions, the smaller 
load required and the smaller length of discard. The 
latter arises since the oxide layer does not flow into the 
centre of the bar, as in direct extrusion, but piles up in 
front of the die face. 

Interest may be awakened in indirect extrusion by a 
recent patent of Genders*’ which allows for extrusion by 
either of the two processes or a combination of both. In 
the latter case, the indirect process is used to reduce 
the initial high extrusion load, and to lessen the defects 
occurring at the rear ends of bar, while the direct process 
is used to extrude the main length. 

3. Flow of Aluminium Alloys during Direct Extrusion. 

The flow of aluminium alloys has been the subject of 
extensive study,?71%!217\ since most of the troubles 
experienced in industrial extrusion occur with these 
alloys. Smith,'*4° Smith and Swindells'® and Hardy,”° 


















have summarised the position, and most of the structural 
features which arise from flow can be reasonably 
explained. 

After the first initial ‘‘ squeezing-up ”’ of the billet in 
the container'®:*° the billet extrudes, undergoing in 


most cases flow of Type C, as described above. As 
normally associated with this type of flow, a duplex 
structure is evolved in the extrusion, as shown by 
Pearson, consisting of a heavily worked structureless 
“outer band,” as Hardy?®-*! terms it, surrounding a core 
of “fibrous material’; the formation of this outer band 
has been well illustrated by Walbert.'* The macro- 
structures of commercially pure aluminium billets 
extruded by the author (Figs. 4 and 5) serve to show the 
effects which occur, and which Walbert and the other 
workers have described. Both billets were originally 
%in. long, and Fig. 4 shows a longitudinal section of a 
billet after 44°, had been extruded, whilst Fig. 5 is a 
section after 88°, extrusion. The reduction in area by 
extrusion in each case was 91-8°,, the operation being 
carried out at 500°C. The restraining effects of the 
container, and the friction effects between it and the 
billet, and between the die and the billet, can be clearly 
seen in the intense local flow at the surface. There is 
quite a large region of dead metal in the front corners 
of the billet which takes no part in the flow, and between 
this and the interior of the billet, and also between the 
peripheral metal adjacent to the container wall and the 
billet, intense local shear or localised shear splitting 
associated with this type of flow occurs. This gives 
rise to the annular zone of heavily worked material 
which, in turn, on flowing into the extrusion, gives the 
outer band already mentioned. The area of intense flow 
can be seen to increase as extrusion proceeds, until, with 
80-90°,, of the billet extruded, the discard consists 
almost entirely of this material. The extrusion defect is 
very pronounced if extrusion is carried too far. 
Smith!*!% 4° stressed that temperature is one of the 
most important factors in extrusion, affecting markedly 
the flow of the billet and the resulting structure of the 
extrusion. The temperature of extrusion is naturally the 
main factor, but it is important to realise that this may 
not be the actual temperature of the extruded product 
as it issues from the die. Due to the severe friction 
effects in the billet, intense local heat is developed. 
Some of this escapes by conduction into the tools in 
contact with the billet, but in regions of heaviest shear, 
i.e., at the outside edge of the annular zone, a con- 
siderable increase in temperature may result. Smith 
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Fig. 6.—Extrusion and 
discard of D.T.D.364B 
alloy billet heat treated 
at 505°C. Retained 
fine grain structure of 
unrecrystallised metal. 
(Smith). x} 


Courtesy of the Journal of the 
Institute of Metals, 


Fig. 7.—-Extrusion and 
discard of D.T.D. 364B 
alloy billet extruded 
under different condi- 
tions from that shown 
in Fig. 6, exhibiting 
coarse recystallised 
grains after heat treat- 
ment at 505°C. (Smith), 


expects that on extruding alloys with a solidus tem- 
perature of around 500° C. incipient fusion may occur, 
and that a careful micro-examination of the area just 
below the surface of the extrusion may show chilled 


liquid. This would mean an increase of about 50° C. in 
these zones. 
Cotter and Clark” established that a _ theoretical 


increase in temperature in brass extrusion, due to work 
heat, would vary from 20° C. to as much as 180° C, with 
varying extrusion ratios and applied pressures. Fritzlen* 
commenting on this effect in aluminium, suggested that 
the container temperature should be 10°-20° C. lower 
than that of the billet, the cooling of the latter thus 
compensating for the increase in temperature. This 
idea, however, would increase the heavily worked zones 
as shown by Pearson’s experiments, and would prove 
detrimental in this respect. These considerations show 
one aspect of the complexity of the temperature factor. 

This factor can also result in further complications, in 
that the extruded section may be completely recrystal- 
lised, recrystallised in part, or un-recrystallised. It is 
this effect which Pearson,’:* Smith,!* Wragg,” Dunbar® 
and other workers consider as being the cause of large 
grain formation. The heavily worked regions of the 
billet which give rise to the outer band of the extrusion, 
as described by Hardy? and Walbert'® may, under 
certain conditions, consist of ‘‘ cold-worked ”’ material. 
The outside regions of the annular zone are so rapidly 
worked that true hot working, i.e., cold work and 
recrystallisation, cannot take place. The rate of 
recrystallisation is generally much less than the rate of 
working, and the material does not usually remain at 
the recrystallisation temperature long enough after the 
operation to allow the parts which have received effective 
cold work to recrystallise. Where the extrusion tem- 
perature is below the recrystallisation temperature (as is 
the case with some duralumin type alloys), no re- 
crystallisation will take place. Hardy? disputes this 
statement in part, suggesting that extrusion is a slow 
deformation process at high temperatures, producing 
some evidence in that the structures he obtained were 
similar to those obtained by Wilms and Wood” in creep 
tests on aluminium, and Bachmetew and others?’ in the 
slow compression of duralumin cylinders. In another 
reference,” however, Hardy agrees with the views put 
forward regarding critical strain, described below. His 
differentiation between extrusion as a high speed 
working operation and one of slow deformation thus 
appears confused. 
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Assuming that extrusion is carried out under such 
conditions that complete recrystallisation of the billet 
as it is being worked is impossible, it is easy to see how 
the irregular structure effects are produced. In some 
parts, particularly at the outer edges of the annular 
zone, it may happen that the amount of residual cold 
work corresponds to the “ critical strain ’’ of the material 
and hence this area will subsequently recrystallise with 
a large grain size. 

By extruding at different temperatures, Smith’® 
strikingly showed this effect in discards of D.T.D.364 B. 
alloy. Figs. 6 and 7, show these discards and the cross 
sections of the resulting extrusions after heat treatment 
at 505°C. Fig. 7 shows that the metal in the critical- 
strain area has recrystallised, and that extremely large 
grains have developed. In Fig. 6 the metal in the 
critical area has not recrystallised during heat treatment 
and has retained its fine grained structure. Cross 
sections of the rods show comparable structures. The 
outer band of the extrusion, and, similarly, the annular 
zone in the billet, can thus be entirely * structureless ” 
or contain large grains as Hardy describes.?° 

As the other two main variables in extrusion, namely 
speed and pressure, are closely related to temperature, 
e.g., in that an increase in either will increase the amount 
of work heat developed, it can be seen how all these 
variables have important influences on the flow pattern 
in the direct extrusion of aluminium alloys. Several 
interesting results in connection with flow have been 
found by workers using tube extrusion and multiple die 
extrusion, and it is worth discussing these in relation 
to the current problem. 


4. Flow through Multiple Dies and in Tube Extrusion. 


Walbert!® showed that, whereas with a single bar 
extrusion the highly deformed edge zone positions itself 
centrically around the coarser grained nucleus, with 
double hole extrusion the zone, which has been formed 
at the periphery of the billet during the extrusion 
process, will appear most pronounced on the sides of the 
bars nearest to the outside. Fig. 8 shows the crescent- 
like effect obtained by Northcott.2* As with single hole 
extrusion, the heavily worked crescent zone may be in 
a structureless condition or contain large grains, accord- 
ing to the conditions of the operation. 

Blazey and co-workers*® obtained two main types of 
flow in the extrusion of copper and copper alloy tubes. 
The first is reminiscent of the normal type of flow in 
hard metals—Type C, as described by Pearson. This 
obtained with and copper-nickel billets 
extruded in a dry non-lubricated container. 

The second type of flow normally occurred with all 
types of copper—deoxidised, arsenical, oxygen-bearing, 
ete.—and with brass and copper-nickel billets when the 
latter were extruded in a lubricated container. This 
type of flow approximates to that of Type B described 
by Pearson, where slipping friction occurs, and peripheral 
portions of the billet are not drawn into the body of the 
billet to nearly the same extent as with the former type. 
The investigators attribute the change in flow with pure 
copper to be due to the presence of an oxide envelope 
around the billet which acts as a lubricant, and showed 
that on preventing copper oxidising in the preheating 
furnace it exhibited the non-lubricated type of flow 
associated with brass. Though an oxide film is also 
present on aluminium billets, it is thin and brittle, and 
hence does not prevent sticking friction. Copper oxide 
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Metals, 





Fig. 8.—Macrostructure of bar extruded through a multi- 
hole die (Northcott). = 


is ductile, and, since a thick film is formed, the copper 
billet deforms by sliding through the container inside 
its oxide jacket. By placing a layer of copper round a 
brass billet and allowing it to oxidise, Blazey showed 
that the brass flowed like copper. 

Sachs and Eisbein® also noted the difference in flow 
between brass and copper, demonstrating that hard brass 
showed flow of Type C, and copper of Type B. 

The results discussed here and earlier, in connection 
with normal direct extrusion, emphasise the effect lub- 
rication has on the type of flow exhibited by hard 
metals, a point which will be dealt with later. 

The Properties and Structure of Extruded Rods 

Reference has been made to the fact that exaggerated 
grain growth in the outer band can cause cracking on 
forging. Troubles can also arise following machining, 
small flanges or sections left at the outside of the bar 
being very weak, perhaps consisting of a single grain. In 
addition, of course, the mechanical properties of the 
outer band can vary considerably, compared with the 
centre fibre structure, depending on whether it is in a 
‘structureless’ or coarse-grained condition. Both 
Walbert® and Smith!® have noted this, Smith recording 
a variation of 5 tons sq. in. in tensile strength between 
the outer band and the centre fibre structure when the 
former is in a coarse-grained condition,*® the specimens 
being taken longitudinally from a duralumin extrusion : 
the outer band is, of course, the weaker. On the other 
hand, when in the structureless condition, it can be the 
stronger by as much as 0-6 tons /sq. in." 

Besides this change in properties across the bar, there 
is another variation, in the longitudinal direction, as the 
structure varies from that of a cast metal at the front 
end of the red to that of a highly worked one at the 
rear’: 12.18.20 ete. The increase in tensile strength has 
been reported to be as much as 4 tons /sq. in. along a 
duralumin extrusion.' 

The average longitudinal strength in unrecrystallised 
extrusions is much greater than the transverse strength, 
and also greater than the strength of the same material 
in other forms than extrusions, particularly in the case 
of duralumin. This high longitudinal strength is 
attributed to the formation of the fibre structure in the 
direction of working’ and to the presence of preferred 
orientation®°-*? ete., and is known as the “ extrusion 
effect." This has been examined by many workers, 
their results having been summarised by Hardy. #4 

The extrusion ratio needs accurate control in the case 
of duralumin alloys, Smith'® concluding that for satis- 
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Fig. 9. Extrusion Structure (Hardy). 


factory properties an extrusion ratio of 1: 15 is best. 
This is due to the recrystallisation behaviour of thin 
sections which will be noted later. It is of interest to 
note that in such sections the texture formed approxi- 
mates to a rolling texture, the approximation being 
more accurate as the section becomes thinner.” 

In addition to studying the macrostructure of an 
extruded rod, it is evident that a microscopic study of 
the various sections across an extruded bar will lead to 
a more detailed explanation of their structures. Hardy*° 
has postulated an extrusion structure containing macro- 
mosaics and micro-mosaics, as shown in Fig. 9. The 
macro-mosaic structure is one of sub-grains, about 
103 cm. in diameter, within a single grain, each sub- 
grain having a slightly different orientation from that 
of the main crystal. Also, within the sub-grains may 
be found micro-mosaics with minor deviations from the 
main lattice direction of the macro-mosaics. Hardy 
postulates that on extrusion the crystals in the metal 
undergo deformation as blocks, the crystals themselves 
becoming very elongated without losing their separate 
identity. The small blocks form the sub-grains, giving 
rise to precipitation in the form of veining within the 
erystals on artificial ageing. 

On recrystallisation, the large elongated crystals 
found after extrusion are broken into small more or less 
equiaxed crystals which have been formed by the growth 
of sub-grains or macro-mosaics. This recrystallisation is 
accompanied by the removal of preferred orientation and 
a reduction in tensile properties. This latter statement 
of Hardy’s appears to be slightly erroneous. If the 
extrusion in the unrecrystallised state exhibits preferred 
orientation®® ete., then recrystallisation by growth of 
sub-grains should not remove it. Furthermore, the 
orientation of the recrystallised grains should be nearly 
the same as that of the parent, deformed grains. The 
recrystallisation texture should therefore be the same 
as the deformation texture, a fact which has been shown 
to occur in some cases.** There would therefore, seem 
to be some evidence for Hardy’s theory in results 
published more recently. 

Discussing grain growth in the outer band, Hardy 
suggests that its susceptibility to large grain formation 
when in the form of crystallites may simply be a function 
of the very small initial grain size, and also because the 
constituents have been thoroughly broken up and do not 
offer obstruction to grain growth. On the other hand, 
it is almost impossible to form large grains in the fibrous 
material because each sub-grain is a potential nucleus 
for a new crystal. 

It is noteworthy that modern theories are tending to 
link preferred orientation to exaggerated grain 


growth,.™-4° so that the three factors of strain, texture, 


27 


and structure appear to be acting simultaneously in 
promoting growth. Gow** shows how coarse secondary 
recrystallisation of primary grains in recrystallised 
aluminium extrusions oceurs in the intermediate zone 
often associated with large grain formation, and assumes 
that the two processes are identical. 

Hardy and Gow appear to have been the only workers 
to attempt a detailed explanation of the exact mode of 
deformation and recrystallisation of individual crystals 
in extrusion, and their results give a sound foundation 
for other studies of this nature. Clearly a thorough 
understanding of the modes of deformation and re- 
crystallisation will aid an explanation of the extrusion 
structures. 


Methods of Controlling Grain Growth 


Practical methods of controlling grain growth have 
been suggested by various workers, following the 
information obtained on the flow and deformation of 
aluminium during extrusion. The suggestions can be 
broadly classified into two groups, according to the basic 
idea involved. The two main ideas are :-— 

(i) To promote ready recrystallisation throughout the 

bar during or after extrusion. 

(ii) To reduce the strain effects below that of the 

critical value. 

The former is easier to put into practice than the 
latter, so that the heat-treatable alloys which have a 
high recrystallisation temperature give the most trouble. 
The advantage of the second method is that the 
** extrusion effect ’ is maintained, so that this method is 
preferable for producing extrusions of high strength. 

As opposed to the two main alternatives is a third 
method, that of extruding at the solution-treatment 
temperature and quenching at the die, so that the metal 
is held at temperature for only a short time after 
straining, and recrystallisation does not have time to 
occur. So far, in this country, this method has only 
been applied to the type of heat-treatable alloys where 
the heat-treatment temperature is nearly equal to the 
extrusion temperature. Alloys which come within this 
range are the magnesium-silicide type, having a solution- 
treatment temperature of around 510° C., which can be 
extruded at temperatures up to 500°C., and the 
aluminium-zine-magnesium type, where the solution- 
treatment and extrusion temperatures are around 460° C. 
and 440° C. respectively. Smith and Swindells!® note 
that such a technique is effective and simple, provided 
care is taken to avoid distortion of the extrusion product. 
They further suggest that quenching is beneficial even 
for non-heat-treatable alloys, in that the sections are 
rapidly cooled and less sensitive to damage on the press 
run-out table. With the duralumin type of alloy, where 
the heat-treatment temperature is some 50°-60°C. 
above the extrusion temperature, simple quenching does 
not have the effect of solution treatment, and on sub- 
sequent re-heating the material may still develop large 
grains. 

In Germany, during the war, die quenching of the 
aluminium-magnesium-silicon and aluminium-zine-mag- 
nesium alloys was regarded as standard practice, and 
the German technicians also developed a technique for 
the duralumin (aluminium-copper-magnesium) alloys.* 
In the latter case the extrusion passed through an electric 
resistance furnace held at 800° C. before being quenched, 
thus raising it from the issuing extrusion temperature of 
430°-450° C. to the solution-treatment temperature of 
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495° C. Checks on the temperature 
of the bar were made before it 
entered the heating chamber and 
quenching tank by means of iron- 
constantan rolling contact pyro- 
meters. By this method the correct 
strength of the material was obtained, 
as opposed to the 88% of full 
strength which would be attained 
by quenching from the extrusion 
temperature. It is claimed that in 
most cases quenching successfully 
avoids the development of large 
grains if the section is not sub- 
sequently re-heated above the re- 
crystallisation temperature. 

The raising of the extrusion tem- 
perature, which would be a means of 
ensuring that recrystallisation took 
place during or after extrusion, and 
would be classified under method (i), 
has not appeared very satisfactory. 
Smith'* observes that such methods 
of increasing the extrusion tem- 
perature or an equivalent increase in speed would 
have to be very closely controlled to ensure that no 
incipient fusion or break-up of the metal at the die 
occurred. Also, such methods could only be standardised 
for one particular extrusion, the conditions varying 
from one product to the next. 

On the other hand, the presence of certain alloying 
elements raises the recrystallisation temperature so that 
on heat-treatment the bar may remain in the work- 
hardened condition. The most common elements added 
to aluminium alloys for this purpose are manganese and 
chromium.*® Dreyer and Seeman,** studying the effect 
of manganese additions to a duralumin type alloy, came 
to the conclusion that the “ extrusion effect ’’ was due 
to the extruded bar remaining in the unrecrystallised 
condition, which, in turn, was due to the presence of 
manganese. Smith'® showed that the presence of 0-6°% 
manganese in a duralumin type alloy (B.8S.6L1) prevented 
the bar recrystallising on heat-treatment at 500°C. 
However, it is apparent that the presence of manganese 
is not in itself sufficient to give a fine-grained structure. 
In the same paper, Smith showed the presence of large 
grains in D.T.D.364B alloy, which contains 0-3-0-6°, 
manganese. He also mentions that another alloy 
(D.T.D.423B), which can contain up to 1°, manganese, 
according to specification, is known to develop a large 
grained annulus. It therefore seems that the extrusion 
conditions are the most important factors in determining 
the structure of the extruded product, though additions 
of manganese can have the effect of preventing 
recrystallisation. 

In addition to the conflicting factors of extrusion 
conditions and manganese or chromium content, there 
is a third variable which can affect the growth of large 
grains, namely, the thickness of the section. Even 
though they may contain elements which inhibit 
recrystallisation, very thin sections which are more 
highly strained than thicker ones may, on heat treatment, 
recrystallise across their entire cross section, with 
subsequent loss of the “ extrusion effect.” 

The effect of manganese and chromium in refining 
grain growth is not only confined to the duralumin type 
of alloy, the ‘ extrusion effect,” and consequent grain- 


Fig. 10. 
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The effect on the distribution of flow caused by the use of dies 
of different conicity. Small scale experiments with tin. (Sachs and Eisbein). 


growth inhibition, having been reported in th® 
aluminium-zince-magnesium alloys containing these ele- 
ments.!*-37_ Recent research*® has also shown that in 
addition to manganese and chromium, zirconium can 
inhibit the development of a coarse-grained structure 
when added in amounts up to 0-2°, to aluminium. 
copper-magnesium and other aluminium alloys. 

Undoubtedly the methods for overcoming the tendency 
for excessive grain growth which are most rewarding of 
extensive study are those classified under method (ii). 
As regards conditions of strain and structure in the 
extruded bar, the following main related factors of 
extruded products are important :— 

(a) The marked gradient of deformation in the 
extruded bar, i.e., the heavily worked outer 
annulus and the lighter worked core. 

(b) The presence of the outer zone differing in structure 
from the core. As already shown, the very large 
grains formed on heat-treatment are confined to 
this zone. 

In discussing the flow of aluminium alloys, it has been 
shown how these effects are directly due to the flow 
of the billet, in that flow of Type C occurs with the 
formation of a very heavily worked zone. A possible 
expedient for preventing grain growth, which has been 
tried in Germany,** would be to confine this heavily 
worked material to a separate bar, apart from the actual 
extruded product, by making apertures in the die 
between the die aperture itself and the cylinder wall. In 
this way it was demonstrated that one could remove the 
cylinder wall material so that on heat-treatment and 
recrystallisation no large grain ring was formed. The 
method was not put into actual practice, partly due to 
its being uneconomical. 

A better method would be to eliminate the type of 
flow, either by providing lubricated flow, i.e., Type B, 
or by eliminating the dead pockets next to the die face, 
which, if accomplished, would remove the causes of the 
formation of the outer zone. Classical methods were 
tried some years ago by Sachs and Eisbein® who 
attempted to produce dies with a large conical angle in 
order to eliminate the pockets of material. Extruding 
tin on a small scale they found that the dead pockets 
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were entirely eliminated, as shown in Fig. 10, but the 
great that it would have 


conicity of the die was so 
This bursting effect is 


burst if put into practice. 
intensified by the fact that with such a small conical 
angle the extrusion pressure is increased. Sachs and 
Eisbein found that the best compromise was with a cone 
angle of 90°. In practice conical dies with angles of 
120°-160° are used, most often in tube extrusion, but 
the idea has not progressed to the extent suggested by 
Sachs and Eisbein. 

As the main trouble in the use of conical dies is that 
they cannot withstand the high extrusion pressures, the 
lowering of these pressures would enable conical dies 
to be used. Thus a combination of lubrication and a 
conical die must solve the whole problem. Perhaps the 
most significant work on lubrication in extrusion is that 
published in some recent French Patents.** By inserting 
a glass dise and an element of spongy multicellular glass 
in front of a steel billet, which had been coated with a 
simple borax layer, reductions in pressure of the order 
of 50°,, were found on extruding the steel. Various die 
shapes were evolved, including some of the conical type, 
recessed cavities were provided in the die face to provide 
a glass reserve for lubrication, and the throat height of 
the dies was varied to ensure perfect lubrication. Fig. 11 
shows the arrangement used. Perry has shown how 
such practice reduces wear on dies, and produces flow 
more nearly approaching the lubricated type in carbon 
steel. Recent research has also shown that the cold 
extrusion of steel shells is possible by the use of a 


suitable lubricant.42 The surface of the steel was 
lubricated by applying emulsified tallow to a zine- 


phosphate-coated surface at 70° C. by immersion for one 
hour. Mention is also made*:* 0; easing the drawing 
of aluminium by applying a phosvhate coating. The 
significance of these above results, is *hat if such methods 
were applied to aluminium alloys a substantial diminu- 
tion of extrusion pressures would bu obtained. Thus, it 
might prove possible to use conical dies and so remove 
grain growth effects. 

The work of Blazey?® showing how lubricated flow 
occurs with pure copper suggests some means of lubrica- 
ting other metals by the use of a sheath of pure metal 
round the billet, in a similar waz to the lubrication 
method used by the French. The ideas have been 
considered to the extent of patenting a process of this 
nature.“ It is shown how a peripheral layer of pure 
aluminium, an aluminium-1°, zine alloy, or pure 
magnesium-—1-5°,, manganese alloy wrapped round an 
aluminium alloy billet can restrict grain growth in the 
resulting extrusion without the use of a conical die. 
Other work carried out for the purpose of illustrating 
friction conditions in working processes® has also shown 
the effect of using a pure metal sheath round a billet 
as a lubricant. A duralumin billet 2? in. in diameter, 
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coated with a cylindrical jacket of pure aluminium 
Lin. thick, was partially extruded at 450° C. to" in. rod, 
with a dise of aluminium } in. thick interposed between 
the billet and the die. Fig. 12 shows the structure of 
the billet after annealing at 500° C. for four hours. An 
uncoated billet, similarly extruded, showed the common 
large grain annulus after annealing (though this was not 
as coarse as that shown in Fig. 7), whereas in Fig. 12 
it can be seen that this grain growth is absent, the shear 
deformation on extrusion having been confined to the 
lubricating aluminium. The flow lines, which are still 
present after annealing, show how the flow approximated 
to that of slipping friction, being, in fact, very reminis- 
cent of inverted extrusion. 

It is interesting to note how the aluminium layer was 
drawn into the rear end of the billet during extrusion, 
and how the intense shear at the corners of the die face 
resulted in the aluminium layer isolating pockets of 
duralumin. The lubricating effect was further shown 
during the extrusion process by the lowering of the 
extrusion load from the 62-3 tons/sq. in. required for 
the uncoated billet, to 40-2 tons/sq. in. for the coated 
billet. 

Finally, an alternative method of providing lubricated 
flow would be to use the inverted method of extrusion. 
Heron" has stressed this point, suggesting that the 
inverted process could be put to a wider use to produce 
extrusions with even structures. 

In coneluding this section, mention should be made 
of other practical methods for overcoming the tendency 
for excessive grain growth on solution treatment, most of 
which have been summarised by Smith,’* and Smith 
and Swindells.!® 

The annealing of the extruded product before treat- 
ment at a temperature lower than that of the heat- 
treatment operation, might be expected to remove by 
recovery the strain energy necessary for grain growth. 
Smith, however, found by experiment that such a 
method was not practical, the critical annealing range 
being very small and varying from bar to bar. 

It has been further suggested that excessive grain 
growth might be prevented by subjecting the extrusion 
to a controlled amount of cold-work before heat- 
treatment. Smith has also shown this process is 
unreliable in that large grains developed in some cold- 
worked, heat-treated products, which in the absence of 
cold-work would have retained a fine grain on heat 
treatment. It must also be remembered that such a 
process would remove the “ extrusion effect ”’.™4 

Besides the main consideration of extruding above the 
recrystallisation temperature, it may also prove possible 
to extrude at a very low temperature, thus inducing 
considerable strain in the extrusion which would result 
in a fine grain size on heat treatment according to 
normal recrystallisation theory. Some support for this 
has been obtained in the case of stamping brass, which 
has been found’® to retain a fine grain size on reheating 
to 800° C. after extruding at 650° C. as compared with 
bars extruded at 800°C. which showed coarse-grained 
structures. Adoption of such a technique in light metal 
extrusion would increase the loads required, and the 
succeeding heat treatment would have to be closely 
controlled to avoid grain growth after recrystallisation. 

A final suggestion involves the use of a pressure pad 
with a large clearance which would cut out a substantial 
skull. However, to achieve a reasonable result the 
clearance round the pad would need to be 7% of the 
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Fig. 12.—-Structure 
of duralumin billet, 
sheathed in 99-9% 
purity aluminium 
and partially ex- 
truded at 450° C., 


500° C. 


billet diameter for an 8-in. billet, resulting in a discard 


amounting to 25°, of the billet weight. 
Summary 

The study of the flow of metal during extrusion has 
been discussed, and it has been shown how this flow 
can give rise to the exaggerated grain growth found in 
extrusions. The exact nature of the flow process and 
the mode of plastic deformation of the material during 
extrusion are not completely known. 

The position at the present time with regard to control 
of the structure of the extruded product is that this 
control may best be exercised by a careful study of the 
characteristics of the alloy being extruded, of the size 
and shape of the extruded section, and of the diameter 
and length of the billet to be used, and by close regulation 
of the speed and temperature of extrusion. 

Application of the technique for producing lubricated 
flow in extrusion to industrial operation is likely to be 
difficult, and only slow progress can be expected. 
Difficulties will arise when considering sections of 
complicated shape and thin cross section, and it must 
also be remembered that rods extruded with lubricated 
flow exhibit defects just below the surface, showing up 
usually as blisters, which will be more pronounced if the 


process is extended to multihole extrusion. 


It can be seen from the present discussion that though 
humerous practical remedies for the problem have been 
suggested, they are nearly all open to criticism. It is 
thought that a detailed fundamental study of grain 
growth, if undertaken, could be considered alongside 
these practical ideas and so provide a comprehensive 
picture of the whole field. Such a study could be based 
on the ideas of Hardy and Gow, and would show the 
combined and independent influence on grain growth of 


| strain, texture and structure, besides contributing to the 





sparse knowledge of the modes of deformation and 
recrysta!lisation of individual grains during extrusion. 
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Honeywell-Brown at Zurich Conference 


ZuRIcH provided a rendezvous recently for Managers of 
European companies within the International Division 
of the Minneapolis-Honeywell Regulator Company. 
Honeywell-Brown Ltd. were represented by Mr. E. C. 
VORLANDER (London), Mr. V. D. MacLacuian (London) 
and Mr. L. R. Price from their Newhouse factory. They 
joined Managers from the Branch Offices in Stockholm, 
Amsterdam, Brussels, Frankfurt, Paris and Zurich. 





A Duplex Shell Moulding Machine 


In operation, a preheated pattern plate from an oven, 


NEW machine, designed for operating the shell 
moulding process, has been functioning on a 
production basis at the works of Victor Products 
Ltd., Wallsend-on-Tyne, with very satisfactory results. 
The products of this Company are mainly concerned 
with rotary mining drills and drilling equipment ; 
percussion equipment ; flameproof lighting equipment ; 
compressed air drying equipment; automatic water 
traps, etc.; the castings for which are comparatively 
small and of a repetition character. Practically all the 
castings involved in these products are within the scope 
of this machine. 
Developed by Fairbairn Lawson Combe Barbour Ltd., 


Leeds, the machine has been named “ Shelmolda 
Altus.” It has two moulding units, each carrying a 


gas-heated oven for pre-heating the pattern plates and 
curing the moulds. The moulding units take pattern 
plates 16 x16 in. and 16 x 12 in. and will take a pattern 
13 in. in height or depth, providing ample final ejector 
clearance of the mould from the pattern plate. The 
curing ovens are fitted with horizontally split doors, 
which are pneumatically operated, and the opening can 
be controlled to the requirements of the mould. They 
are equipped with temperature indicators and thermo- 
statically controlled regulators. A dump box, carrying 
the sand and phenolic resin mixture, is located between 
the moulding units; it has a capacity of 220 lb. and is 
operated pneumatically and controlled electronically. 
Each moulding unit is equipped with an adjustable top 
ejector mechanism and automatic receptor motion and 
the machine, which occupies a floor space 12 ft. 2 in. 

3 ft., is complete with spray guns, blowing nozzles, air 
transformers, air flow regulators, speed valves and suit- 
able piping for connection to compressed air supply mains. 





A new duplex shell 


the ‘‘C”’ process. 
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moulding machine, combining two moulding 
units and two pre-heating and curing ovens, designed for operating 


maintained at a temperature of 375°-425° C. is placed 
on a frame, located on runners on the moulding unit, 
which carries fitments to connect with the dump box 
to form a hinge. The hot pattern plate is secured to 
the frame and its temperature is tested. After the 
surface has been blown clean and sprayed with a silicone 
parting wash, the pattern plate in its frame is moved 
along the runners, the hinges are engaged, and the plate 
is turned downwards over the dump box. A _ push 
button is pressed and automatically the dump box with 
the pattern plate is reversed. The investment mixture 
falls over the pattern plate and the phenolic resin melts 
and flows, causing the resin/sand mixture to adjust 
itself to the shape of the pattern and to build up a 
uniform coating as the heat penetrates the mass. The 
time of investment is pre-determined and controlled by 
the electronic timing mechanism, and the dump box 
rights itself automatically, usually after 10-15 seconds. 
The plate is then unclamped and swung back from the 
dump box and, with the investment, pushed into the 
oven. The process is repeated on the other moulding 
unit to form the other half of the mould, and by the 
time the second investment has been pushed into the 
oven the first investment has been cured and can be 
removed from its oven. The whole operation of prepar- 
ing the two investments to form the complete mould 
occupies about one minute, and they can then be 
assembled and made ready for casting. 

As each part is cured and taken from its oven the 
investment is removed from the pattern plate. This is 
effected by reversing the pattern plate in a specially 
constructed holder and applying pressure downwards to 
sprung ejector pins, which form part of the pattern 
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The ejector mechanism swung clear after 
the downward ejection of the cured mould. 
Note the spring ejector pins which form 
part of the equipment of the pattern plate. 
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plate equipment. It is believed that this is the first 
machine to strip the shell mould in a downward direction. 
The ejected shell is caught on a receptor motion and 
automatically lowered clear of the pattern plate. 

The shell moulds are about } in. thick and the surfaces 
that have been in contact with the pattern plate are 
almost as smooth as glass. The mould halves are stuck 
together, using a phenolic resin paste, and heated in an 
oven under a rubber pressure pad, before being prepared 


for casting. For small work the metal can be cast into 
these shell moulds without additional support, as they 
are quite strong, but in larger castings backing sand may 
be used to give support to resist hydrostatic pressure. 

Although this machine has only been in operation a 
few weeks, the production engineer at Victor Products 
Ltd. believes that the speed of production and the 
excellent finish and accuracy of the castings produced, 
will result in considerable savings. 





The Production of Germanium from 
Zinc Residues 


Developments during the war led to the use of germanium as a semi-conductor, with the 
result that the demand for an element which was formerly of little industrial interest has 


increased appreciably. 


It is found in small quantities in certain zinc ores, and its 


extraction from zinc residues is discussed in this article. 


lies between the elements silicon, tin and lead in 

its properties. It has been found associated with 
gallium, arsenic and cadmium in complex zine and lead 
ores. The metallurgy of germanium is now undergoing 
a change from the small-scale laboratory methods that 
have been used mainly for assay purposes and for re- 
search to processes capable of meeting new industrial 
demands. The contents of cadmium and germanium in 
many zine ores and concentrates are of the order of 0-2 
and 0-002°%, respectively, although some ores contain 
more or less. Residues containing a hundredfold con- 
centration of germanium are more attractive sources of 
the element, but they require different individual treat- 
ments since variable amounts of other elements may be 
present. 

Germanium was discovered in argyrodite silver ore in 
1886, and was later reported to be present in minute 
quantities in zinc ores, and in somewhat larger propor- 
tions in zine and lead plant residues obtained in distilla- 
tion or electrolytic extraction processes. Discovery of a 
large concentration in germanite ores from Otavi Mine, 
South West Africa, provoked only a mild interest in the 
study of the chemical properties of germanium com- 
pounds. Several early reports mentioned the presence 
of germanium to be detrimental to the manufacture of 
electrolytic zinc, but the absence of appreciable commer- 
cial demand until recently discouraged the extraction 
and marketing of either the element germanium or its 
compounds. 

Extensive experiments conducted during World War 
II led to the practical use of germanium as a semi- 
conductor. Development of a market in electronic 
applications has now revived interest in more efficient 
methods of separation of germanium from zine ores and 
residues. The methods employed for the commercial! 
production of germanium depend upon the technique 
used in the zinc, cadmium, or lead recovery processes, 
and on the amounts of these elements and impurities, 
such as arsenic, that are also present. Germanium is 
volatilized with other metals by the sintering at a high 
temperature of a mixture of coal, salt and roasted zinc 
ore containing 0-01—-0-015% germanium. The fume is 
collected in an electrostatic precipitator, treated with 
sulphuric acid, and the lead precipitated as sulphate. 


( F ics between is a rare semi-metallic element which 
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Zine dust is then added in just sufficient quantity to 
precipitate the copper and germanium but not the 
cadmium. The precipitate is filtered, re-dissolved in 
sulphuric acid, and again precipitated with zinc dust. 
This precipitate is roasted, dissolved in strong hydro- 
chloric acid, and germanium tetrachloride distilled from 
the solution. 

Other methods which have been used on a small scale 
for laboratory assay work, together with reports on other 
sources of germanium, its effect on zinc electrolysis, and 
the preparation of the element and some of its compounds 
are given below. It is important to bear in mind that a 
different recovery scheme is needed to treat each different 
complex residue. Treatments of crude residues contain- 
ing arsenic on a commercial scale should be planned to 
avoid the evolution of the very poisonous arsine gas. 


Germanium in Ores and Refining Residues 


Up to 0-25% of germanium oxide (GeO,) was found to 
occur in the lead residues formed by distilling Missouri 
and Wisconsin (U.S.A.) zine ores which contained less 
than 0-01°% GeO,. A ten-year search in America for 
minerals containing germanium revealed one sample of 
copper ore from Utah containing a considerable per- 
centage of germanium. 

With the construction and operation of several mills 
for the recovery of zinc from complex ores, recurrent 
troubles due to loss of plating efficiency were often found 
to be associated with the presence of very small quanti- 
ties of germanium. These ores are concentrated by 
flotation and other methods, roasted to remove part of 
the sulphur content, dissolved in sulphuric acid from 
spent electrolytic solutions, iron and manganese added, 
impurities removed by precipitation, and zinc recovered 
by electroplating with insoluble anodes. 

In the various purification operations most of the 
germanium is precipitated along with iron, arsenic, 
cadmium, copper and other elements. The several 
precipitates are sent to lead or copper smelters or to 
electrolytic cadmium plants for the recovery of these 
and other valuable metals. Much of the germanium is 
returned from these plants in the form of high zine 
residue for further treatment in the electrolytic zinc 
plants. The complex interflow of residues within and 
between these plants, the small quantities of germanium 
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present in most incoming ores, and the lack of commercial 
demand until very recently has discouraged the develop- 
ment of germanium recovery plants. 

The general methods of treatment of zine and lead 
ores are known. Briefly, zinc is recovered from molten 
lead blast-furnace slag (containing 10°, zine) by blowing 
with a mixture of air and pulverized coal (0-20-0-30°%, 
of the weight of the slag treated). The hot gases are 
cooled in steel pipes and the fume when filtered in wool 
bags contains 70°, zine and 6—-7°% lead. A treatment 
of this kind on zine-lead ores or residues would result in a 
product containing germanium if either the slag or the 
fuel (coal, oil or gas) contains this element. 

The troublesome effects of germanium on the electro- 
lysis of zine were known at the Trail (British Columbia) 
Smelter as early as 1917. A loss of efficiency in plating 
was eventually controlled by the discovery and elimina- 
tion of small quantities of germanium in the plating 
solution. The first published descriptions of the effects 
of germanium on zine electrolysis stated that concentra- 
tions of the element as low as 1 mg./l. in the purified 
zine sulphate solution were found to cause serious 
reductions in the efficiency of the electroplating process. 

Germanium has been reported in laboratory tests to 
lower the efficiency of electrodeposition of zine when 
present in concentrations of 0-005-0-01 g./l. only when 
considerable amounts of cadmium (1-5 g./l.) are also 
present. The report does not, however, show that 
manganese salts were present in the solution. This 
element is generally added to oxidize iron, arsenic and 
other elements, and is present to the extent of about 
20 g./l. in the purified zinc sulphate solutions sent to the 
electrolysis tanks. The presence of manganese in com- 
mercial zine electroplating solutions may then be a 
factor in their greater sensitivity to the ill effects of 
germanium upon current efficiency. 

Methods of separation of zine sulphide concentrates 
containing 62-1°%, Zn, 0-37 Pb, 0-38% Cd, 0-012% 
Ge, 1-29°, Fe, 2-7°% insolubles, 0-18°; Ca and less than 
0-01°, As, by volatilization under reduced pressure at 
900° C. gave over 90°, recovery of the mixed lead, 
germanium and cadmium. 

Germanium oxide has been prepared from germanium- 
bearing zinc ores (containing Pb, As, Cd, In, Sn, Sb) by 
treating with hydrochloric acid and then distilling in a 
slow current of chlorine gas, driving over germanium 
tetrachloride and arsenic trichloride. Hydrogen sulphide 
gas is then passed into the distillate until precipitation is 
complete. The precipitate is dissolved in hot 50% 
sodium hydroxide and chlorine gas passed into the 
solution to oxidise the arsenic. Concentrated hydro- 
chloric acid is then added and chlorine gas stream distilla- 
tion continued. Germanic chloride distils at 90°—100° C. 
free of arsenic, and is collected in water as hydrated 
germanic oxide. 

Germanium can be determined in zine by volatiliza- 
tion of silicon as its fluoride, distilling out the germanium 
as chloride, precipitating with hydrogen sulphide and 
igniting to germanium oxide. In the case of steels, 
germanium has been distilled off as the tetrachloride, 
precipitated with tannin and ignited as germanium oxide 
in samples containing up to 0-5°%, Ge, within an error 
of + 0-001%. 

Several studies of methods of separation of germanium 
from the rich germanite ores of Otavi, South West Africa, 
have been reported, one of which gives the following : 
An alkaline extract of germanite ore yields a mixed 


deposit of gallium and germanium on electrolysis. The 
germanium is then separated by volatilization as its 
tetrachloride. 


Preparation of Germanium Metal 

Pure germanium dioxide is generally sold to the fabri- 
cator for reduction to metal and processing into wafers 
for use in diodes and triodes. Several methods of reduc- 
tion have been put forward, brief particulars of which 
are given below. The oxide is the starting point unless 
otherwise stated. 

(1) Reduction by hydrogen, carbon or mixed potassium 
cyanide and carbon under a molten flux. 

(2) Reduction in dry hydrogen at 500°-540° C. to a 
dark grey powder which is remelted at 980°-1,000° C, 
under a flux cover of sodium chloride and allowed to 
freeze in a porcelain crucible. 

(3) Reduction in dry hydrogen at 630°-680° C. followed 
by melting in vacuo. 

(4) Reduction of germanium tetrachloride to dichloride 
by zine vapour at 930°C. in a silica tube. Zine in the 
product can be removed by first, passing inert gas 
through the reactor, second, treating with hydrochloric 
acid, and, third, vacuum meiting. 

(5) Reduction in a quartz boat in dry hydrogen at 
650° C., followed by fusion in a graphite boat at 1,015° C. 
for 20 minutes. 

(6) Reduction of 50 g. charges of pure oxide in quartz 
boats in dry hydrogen. The silica furnace tube is 
flushed with hydrogen and heated at 650° C. for 3 hours, 
followed by 45 minutes at 850° C., with a hydrogen flow 
of 5 l./sec. The yield is only 95%, of the theoretical 
because of evaporation losses. 


Health Hazards 

Since only minor quantities of germanium have been 
used in commerce, information on the toxicology of 
its compounds is very meagre. The close association 
of germanium with arsenic, cadmium and zinc, however, 
may cause dangerous conditions to arise when some 
residues are treated. When an acid solution containing 
arsenic is given additions of zinc or other metals that 
evolve hydrogen, the extremely poisonous gas, arsine is 
evolved. 

Health reports state that only 0-05 parts per million 
of this gas in the atmosphere is permissible for 8-hour 
exposure by human beings. It is very evident that 
extremely good ventilation must be provided. Safety 
practices should be adopted that eliminate the possibility 
of generating arsine gas when treating any residue con- 
taining arsenic. 

Other materials which have been suggested for extrac- 
tion of germanium oxide and preparation of the metal 
are also poisonous in nature. Normal precautions must 
be taken in making fusions with potassium cyanide and 
in handling hydrogen sulphide, hydrogen chloride and 
chlorine gas. 


Award of Royal Medals 

Her Masesty THE QUEEN has been graciously pleased 
to approve recommendations made by the Council of the 
Royal Society for the award of the Royal Medals for 
the current year to Str Joun Cockcrort, K.C.B., 
C.B.E., F.R.S., for his distinguished work on nuclear 
and atomic physics, and to Prorgessor H. A. Kress, 
F.R.S., for his distinguished contributions to bio- 
chemistry. 
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Fulmer Research Institute 


Royal Opening of New 


N the occasion of its Open Day last month, the 
Fulmer Research Institute was honoured by a 
visit from H.R.H. The Duke of Edinburgh, who 

officially opened the new engineering laboratory block 
before making a tour of the laboratories to see at first 
hand the type of work undertaken by the Institute. As 
Mr. P. Horsfall, Chairman of Almin Ltd., said at a 
luncheon attended by some 250 industrial and scientific 
guests, the Duke “ has for years past now spent laborious 
days in a very full life in ascertaining for himself the 
facts about British industry, and in studying the make-up 
of scientific discovery and research. There are, I am 
sure, very few of us in this room who would venture to 
claim so comprehensive an acquaintance with the 
industrial activities, not only of the United Kingdom, 
but of the Commonwealth as His Royal Highness has 
made it his business to acquire.” 


Organisation of the Institute 


The Institute was feunded in 1946 by the late Col. 
W.C. Devereux, C.B.E., to carry out sponsored industrial 
research. One of its principal aims is to bring research 
facilities within the means of firms which themselves 
are unable to maintain a full time research laboratory. 
In this respect, the Institute supplements the research 
associations (which investigate problems common to a 
whole industry) and the University and Government 
research laboratories. Its equipment and the services 
of its team of experts may be hired by sponsors to whom 
subsequently belong the results of the investigation, 
including any patents arising therefrom. The benefits 
of confidential research work thus become available to 
the progressive manufacturer and are not restricted to 
the large industrial companies which maintain private 
research organisations. 





New engineering laboratory equipment including fatigue testing 
machines (foreground) and 50-ton tensile testing machine. 
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Engineering Laboratory 


Certain work, generally of a routine nature, such as 
mechanical testing or chemical analysis, is undertaken 
for a fixed agreed fee, whilst investigational work dealing 
with service failures, etc., is charged on the basis of the 
time devoted to the solution of the problem. Other 
work is carried out on a contractual basis, a standard 
research contract being drawn up between the Institute 
and the sponsor after the terms of reference and the 
experimental programme have been agreed and the costs 
of the programme estimated. The Institute receives no 
grants from public funds; the money it earns from 
Government departments and industrial sponsors alike is 
for services rendered. No dividends are distributed to 
its parent company, Almin Ltd., any excess of income 
over expenditure being converted into new equipment 
to increase and improve the research facilities available 
to industry. 


Although the Institute is staffed and equipped 
primarily to deal with metallurgical problems, many 
investigations outside the metallurgical field, yet falling 
within the competence and experience of its staff, have 
been successfully undertaken. The functions of the 
Institute include: (a) fundamental research work in 
such fields as the extraction of metals, the constitution 
of alloys, materials for high temperature service, the 
corrosion of metals and alloys, etc.; (b) the investigation 
of materials or processes likely to improve or change 
existing industrial practice; (c) the investigation of 
industrial problems dealing with service failures and the 
development of materials or equipment for special 


purposes ; and (d) routine mechanical testing and 


chemical analysis for sponsors lacking facilities for this 
work (the Institute is an A.I.D.-approved test house for 
chemical analysis and mechanical testing). 








H.R.H. The Duke of Edinburgh operating 
the 50-ton tensile testing machine. 








Pilot plant for aluminium production. 


Industrial firms, both large and small, research 
associations and Government departments have spon- 
sored over 1,100 investigations ranging from short term, 
but important, “trouble shooting” investigations to 
extensive work on major research and development 
problems. Some notable contributions have been made 
to metallurgical science and practice, and many patents 
have been obtained on behalf of sponsors. In many 
cases the details of the investigations are confidential to 
the sponsors, but an indication of the type of work 
undertaken may be given by reference to a few of the 
many interesting studies. 

Work Completed and in Progress 
Extraction and Refining Metallurgy. 

One of the most impressive contributions to extraction 
metallurgy in recent years has been the development 
of the process for the catalytic distillation of aluminium, 
for which the patent rights have already yielded a 
substantial dollar return. From theoretical con- 
siderations, Dr. Gross, the Institute’s Principal Scientist, 
deduced the existence of a monochloride of aluminium, 
and went on to prove that pure alumin- 
ium could be produced by alternating the 
formation on heating and the decom- 
position on cooling of this compound. 
The commercial process depends on the 


reversible reaction between aluminium 
trichloride and any aluminium-bearing 
material to form volatile aluminium 


monochloride. Thus, in an atmosphere 
of AICl, (which subliming at 180° C. can 
metallurgically be considered a gas) alu- 
minium behaves like a volatile metal and 
can be purified, or extracted from alloys, 
by distillation, other constituents being 
practically unaffected. Extraction of alu- 
minium of high purity from alloys pro- 
duced by direct thermal reduction in an are 
furnace is the most important application 
of the process, which may also be used 
to purify scrap or aluminium of commercial 
purity. Further laboratory and develop- 
ment work is continuing. 
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The features of the process which make 
commercial operation an extremely attrac- 
tive prospect are : (a) its intrinsic simp- 
licity, which will be reflected in lower 
capital costs ; (b) costly chemical processes 
for the purification of bauxite are elimin- 
ated; (c) re-circulation of aluminium 


trichioride makes continuous operation 
feasible; and (d) operating costs are 


liable to be no higher than in the present 
electrolytic method, and the cost of 
materials used or lost in the process 
should be substantially reduced compared 
with the present method. 

Similar methods are now being applied 
to the preparation of pure titanium (and 
other metals), since present methods of 
production are unlikely to yield the quan- 
tities at a price which will make extensive 
application of this valuable structural 
metal possible. Early experimental results 
obtained by Dr. Gross and his team are 
encouraging, and some titanium has been 
produced. Much work remains to be done, and labora- 
tory investigations are continuing on the processes and 
on the fundamental thermodynamic principles involved. 

Accurate information is necessary in order to predict 
the feasibility or course of various metallurgical extrac- 
tion processes, and to this end measurements are being 
made of heats of reaction, heats of formation, vapour 
pressures, etc. 


High Temperature Materials. 


Investigations on silicon-aluminium steels have shown 
that they possess oxidation resistance properties com- 
parable with 18 : 8 stainless steels under normal! oxidising 
conditions at elevated temperatures. Steels containing 
silicon alone become unworkable at silicon contents less 
than that desirable for optimum oxidation resistance. 
The presence of the correct amount of aluminium enables 
a reduction of the silicon content, yielding readily 
workable steels. One of the principal applications 
foreseen for these steels is in heat exchanger practice. 

The life of gas turbine engines suffers severe limitations 
due to the distortion and cracking of combustion 





New engineering laboratory creep testing room. 
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chambers. Application of low emissivity refractory 
coatings results in a considerable reduction in the amount 
of radiant heat absorbed from flames, and thus a 
reduction in the temperature of the combustion chamber. 
Use of composite coatings provides, in addition, pro- 
tection of the underlying metal from oxidation. Con- 
tamination from the combustion products of vanadium- 
and sulphur-bearing fuels, however, results in the 
lowering of the effectiveness of some coatings with time, 
and this problem requires further investigation. 

The protection afforded mild steel by various coatings 
(chromised, aluminised, enamelled, etc.) has also been 
evaluated, and the effects of such coatings on the 
mechanical properties, particularly fatigue and creep, is 
now being studied. 

Considerable work is being undertaken on the creep- 
resistance of alloys to which small amounts of refractories 
are added. In addition, a programme on chromium- 


base alloys has been completed. 





Arc melting furnace. 


Light Alloys. 

During the investigation of precipitation processes in 
alloys, it was found that third elements could affect the 
amount and rate of precipitation hardening in aluminium- 
copper alloys. Cadmium, for example, added in small 
quantities to the aluminium—4 5°, copper alloy retards 
normal ageing at room temperature, but greatly 
accelerates and increases the hardening effect obtained 
by artificial ageing at slightly elevated temperatures. 
Furthermore, the aluminium-copper-cadmium alloy 
shows a remarkable facility for hot work, thus reducing 
fabricating costs compared with the more conventional 
alloy. The properties of the fully-heat-treated alloy are 
at least equal to those of the normal high-strength 
alloys, having 0-1°,, proof stress of 27 tons/sq. in.; an 
ultimate tensile strength of 32 tons/sq. in; and an 
elongation of 10°,. 

New aluminium-tin bearing alloys containing up to 
30% tin have been developed. Cold work followed by 
recrystallisation results in the dispersion of the tin 
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Bausch and Lomb metallograph with lineal analyser. 


particles (which limited the tin content of earlier bearing 
alloys of this type). The alloys investigated cover a 
wide range of strength and hardness, with the aim of 
suiting particular service conditions. High fatigue 
resistance of the 30°, tin alloy is coupled with good 
bearing properties. 

Hydrogen Embrittlement. 

The embrittlement of steel by hydrogen introduced 
during plating or electrolytic pickling is a well-known 
phenomenon. Hydrogen can usually be removed, and 
the mechanical properties restored, by storage for long 
periods at room temperature, or heating to slightly 
elevated temperatures. Even when the tensile strength 
and elongation have recovered their normal values, the 
tendency to fracture during the prolonged application 
of a stress less than the ultimate tensile strength may 
still be affected. It has been shown that the electrolytic 
pickling of high tensile steels may result in a degree of 
permanent damage, which shows itself in a tendency 
to fracture with short delay times when subjected to 
high stresses, a tendency which cannot be eliminated 
by tempering at temperatures normally used to remove 
hydrogen from steel. Since only a proportion of 
specimens are affected, however, the phenomenon can 
only satisfactorily be studied on a semi-statistical scale. 
The results are explicable by a modification of the 
Griffith crack theory of brittleness. 


Miscellaneous. 

Other materials and methods of vital importance in 
this atomic/jet age are being investigated. They 
include studies on uranium alloys, zirconium alloys, 
corrosion, materials for use as transistors and semi- 
conductors in the electronics industry, ete. Attention 
has also been paid to such problems as sparking in mines. 

Service failures that have been investigated include : 
wear and fatigue in road-making machines; fatigue in 
television aerials—an improved design resulted ; wear 
in industrial knitting needles ; season cracking of brass 
components ; defects in lead pipe ; and contamination 
of foodstuffs by metal containers. 

In addition the Institute has carried out a good deal 
of more-or-less straightforward testing apart from 
chemical analysis and mechanical testing. Examples of 
this type of work include radiography to determine the 
concentricity of special ceramic-sheathed electric cable ; 
creep tests on fuel pump housings; strength and 
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corrosion tests on new fabricated products; and the 
determination of low and high temperature properties 
of materials for special application in chemical plant, ete. 


The Laboratories and Equipment 

The main laboratories, the library, and the adminis- 
trative offices are housed in a converted Edwardian 
country house, but the mechanical testing and engineer- 
ing laboratory, the castings and heat treatment 
laboratories, the electrolytic laboratories, the workshops 
and the canteen are situated in other buildings added 
since the Institute was founded. The Institute stands 
in some 104 acres of ground, of which the gardens occupy 
about 5 acres. Part of the remaining ground has been 
made into a sports ground for the staff club, and the 
rest reserved for additional building. The total floor 
area available in all the buildings is approximately 
24,500 sq. ft., of which some 18,000 sq. ft. are available 
for experimental laboratories, workshops, studies, etc. 
Chemistry Section. 

The vacuum laboratory is equipped for experiments 
on refining and extraction of metals in vacuo, and for 
the determination of the kinetics and equilibria of gas- 
metal reactions. Other laboratories of the chemistry 
section are concerned with calorimetry, chemical and 
spectrographic analysis, corrosion testing and electro- 
deposition. 

Physics Section. 

The physical laboratory houses four X-ray crystallo- 
graphic sets, including an X-ray Geiger counter spectro- 
meter, together with apparatus for electrical and thermal 
conductivity measurements and dilatometry. For 
vapour pressure studies a high frequency induction 
heating unit is in use. 

Engineering and Mechanical Testing Section. 

The new laboratory houses a 50-ton tensile testing 

machine, apparatus for fatigue and hardness testing at 


Europe’s Largest Ore 


HE largest ore concentration plant in Europe was 
i recently inaugurated at Boliden, Northern Sweden. 
Having a capacity of 500,000 tons of ore annually, 
the new plant forms part of a five-year extension pro- 
gramme launched by the Boliden Mining Company and 
aiming at a total annual mining and refining capacity of 
over 1,600,000 tons. When completed, the whole scheme 
will have cost Kr.125,000,000 (£8,600,000), one-fifth of 
which has been spent on the plant just commissioned. 

The known ore deposits of Boliden at present amount 
to about 42 million tons, distributed over 10 mines, all 
situated within the same district of Northern Sweden. 
Extensive prospecting research is being done, and new 
are found from time to time. Kr.3,000,000 
(£207,000) is spent annually on prospecting alone. The 
company’s own scientists working in close collaboration 
with Swedish geophysical firms are constantly on the 
quest for new deposits. 

[ron and copper pyrites, galenite and zinc-blende are 
the most richly represented minerals in the Boliden area, 
but gold and silver are also extracted from these complex 
ores. About 60 tons of silver and two tons of gold are 
produced annually at Boliden. The gold deposits, which 
at the beginning of the development were mined in a 


lodes 
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high and low temperatures, an impact testing machine, 


and other equipment. A number of tension and com- 
pression creep testing machines are located in a special 
temperature-controlled room. A 50-channel strain 
gauging apparatus is available for use in the laboratory 
or in the field for measuring the loading of complicated 
structures. 


Metallurgy Section. 

The casting laboratory has a variety of arc, resistance, 
oil-fired and induction melting furnaces, the last-named 
being equipped for vacuum or special atmosphere melting 
and casting. For subsequent fabrication, the metal 
working laboratory houses an 80-ton forging press, a 
l-ewt. forging hammer, an extrusion press and a rolling 
mill. Other departments of the section cater for sand 
testing, sand blasting, metal and paint spraying, core 
drying, ete. 

Microhardness testing and phase-contrast microscopy 
are among the techniques used for the examination of 
metals and alloys in the metallography laboratory, 
which is equipped with a Bausch and Lomb research 
metallograph. 


Other Sections. 

Other sections include laboratories for research in 
ceramics and heat treatment, and there are semi- 
technical laboratories for erection of experimental plant. 
At present the latter are occupied by plant for catalytic 
vacuum distillation which is capable of producing up 
to 2 lb. very high purity aluminium per hour. 

Ancillary services at the Institute include well- 
equipped workshops (in which much of the Institute's 
specialised apparatus has been made) and an extensive 
library which receives more than 180 current technical 
publications. Information and advice based on pub- 
lished work can be supplied quickly to sponsors, and a 
translation service is also maintained. 


Concentration Plant 


quantity that yielded 6 tons of refined metal, now yield 
only 2 tons annually, which, however represents a value 
of no less than Kr.12,000,000. 

New methods of flotation employed at the concentra- 
tion plants make it possible to extract and separate the 
many varied ingredients in the Boliden ores, so that 
each can be utilised to its full value. The iron pyrites, 
which constitute the largest proportion of minerals 
taken from Boliden mines—410,000 tons annually—are 
largely disposed of by the Swedish wood-processing 
industries whilst the zine concentrate is sold to Belgium 
and Norway. 12,000 tons of copper and 21,000 tons of 
lead are used by Swedish industries. 

Transport in the vast forests and mountainous areas 
of the Boliden mining system being a serious problem, 
especially in winter, the company utilises various means 
of facilitating communication between the mines and 
the concentration works. Heavy trucks with a loading 
capacity of 25 tons each travel over special roads, and a 
cableway connects the Kristineberg mine with Boliden 
—purportedly the longest cableway in the world. Many 
miles of underground transportation lanes criss-cross the 
rock below the surface, special ore trains carrying the 
minerals to the concentration and refining plants. 
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Sulphuric Acid 
from Anhydrite 


New Plant 
Nearing Completion 
at Widnes 





Kilns and kiln feed house, with cyclones and partly constructed gas 


cooling towers in front of feed house. 


ULPHURIC acid is most easily and cheaply made 
S from sulphur, but, as most of the world’s sulphur 

comes from Texas, this costs dollars. It is possible, 
too, that the ever-growing demand may outstrip the 
available sulphur supplies : three years ago there was a 
threatened sulphur famine. The commonest alternative 
raw material is pyrites, a sulphur-bearing mineral, but 
this also has to be imported. The only suitable sulphur- 
bearing material available in large quantities in Britain 
is calcium sulphate, in the form of anhydrite, of which 
large underground deposits are known to exist. Two 
kilns for the anhydrite process, one installed in 1930 and 
the other in 1935, at the Billingham Works of Imperial 
Chemical Industries, Ltd., now produce annually some 
100,000-tons of sulphuric acid and a similar quantity of 
clinker, which is made into Portland cement. 


Co-operative Action 
When the sulphur crisis arose in 1951 the chemical 
industry, which depends on large supplies of sulphuric 
acid for making its own products, became seriously 
concerned. In this crisis I.C.I. offered to license their 


knowledge and experience of the anhydrite process to 
the large industrial users of sulphuric acid. Eleven 
such users formed the United Sulphuric Acid Corpora- 


In foreground is part of gas 
distribution main to electro-precipitators. 


tion, Ltd. (U.S.A.C.) under the chairmanship of Mr. 
F. G. C. Fison, and I.C.1. agreed to act as technical 
advisers for the construction of a new factory at Widnes. 
The eleven firms concerned are The Alumina Co., Ltd. 
Thomas Bolton & Sons, Ltd.: British Celanese, Ltd.:; 
British Enka, Ltd.; Clayton Aniline, Co., Ltd.; Cour- 
taulds, Ltd.; James H. Dennis & Co., Ltd.; Fisons, Ltd.:; 
I.C.1. Ltd.; MeKechnie Brothers, Ltd.; and Transparent 
Paper, Ltd.:; and the sulphuric acid produced will be 
bought in agreed quotas by the member-firms for their 
own consumption. 

The 240,000-tons of anhydrite required each year 
will be supplied by The British Plaster Board (Holdings), 
Ltd., from their Long Meg mine in Cumberland: which 
has been specially developed for this purpose. Besides 
the 148,000-tons of sulphuric acid, which represents 
some 73°, of Britain’s present acid production, 
132,000-tons of cement clinker will be made. As there 
is a large demand for cement in the Merseyside area, 
Associated Portland Cement Manufacturers have agreed 
to buy clinker from U.S.A.C. and to make Portland 
cement from it in a new works which is being built 
adjacent to the acid’ plant. Provision is being made 
for a 50% increase in the capacity of the U.S.A.C. 
factory. 





General view of works showing (left to right) drying and absorber towers, kiln feed house, rotary kilns (with raw 
meal silo behind), kiln firing house, clinker bunkers, and administration offices. 
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The main contractors for the construction of the whole 
factory, which is now nearing completion, are Simon- 
Carves, Ltd., a leading firm of designers of chemical plant 
with over forty years’ experience of sulphuric acid plant 
construction both in Britain and abroad. Their contract 
for the Widnes factory amounts to about £4 million, 
and they have a license agreement with I.C.I. under 
which they can build plants of this kind in any part of 
the world. Simon Handling Engineers, Ltd., are 
responsible for the materials handling and preparation 
equipment, their share of the work amounting to a 
little over £1 million. 


Description of Plant and Process 


The anhydrite process consists fundamentally in 
heating an accurately proportioned mixture of calcium 
sulphate with materials containing carbon, silica, 
alumina and ferric oxide, thus simultaneously producing 
cement clinker and gases containing sulphur dioxide. 
The sulphur dioxide gas is converted to sulphuric acid by 
the orthodox “ contact ’’ process. 

The raw materials to be used at Widnes in addition 
to anhydrite are coke, sand and shale. Coal is also used, 
not primarily as a raw material but in pulverised form 
for firing the kilns in which the mixture is heated : its 
ash, however, inevitably forms part of the mixture. 
The anhydrite, as stated, will come from Cumberland. 
The other materials are available locally. 

The process comprises the following main stages : 

(a) Handling and preparation of raw materials. 

(b) Production of gas containing sulphur dioxide 
with simultaneous production of cement clinker. 

(c) Purification of gas produced. 


(d) Conversion of sulphur dioxide to sulphur 
trioxide. 

(e) Absorption of sulphur trioxide to form sulphuric 
acid. 


Handling and Preparation of Raw Materials 

Anhydrite is delivered dry by rail in 254-ton wagons. 
It is received by rail hopper and skip hoist, and can 
either be conveyed to a 12,000-ton storage dump for 
subsequent reclaiming by mechanical excavator and 
travelling hopper, or it can be conveyed direct to a pair 
of crushers and elevated thence to a storage bunker. 

Sand, shale and coke are transported by angle hoist 
to wet storage bunkers, from which they are delivered 
to two rotary dryers heated by combustion gases from 
oil burners : one dryer treats sand and shale, the other 
being reserved for coke only. The dried materials are 
taken by a gravity bucket conveyer to dry storage 
bunkers. 

Below the dry storage bunker outlets is a battery of 
automatic weighers feeding to a pair of belt conveyers. 
The weighers are electrically controlled and interlocked 
to give a feed of the correct proportions for producing 
a first-grade Portland cement clinker. The two con- 
veyers deliver the proportioned feed to two ball mills, 
in which the materials are ground and mixed, after 
which the mixture, now known as “raw meal’’, is 
elevated and delivered by an air-slide distributing 
conveyer to the raw meal storage and blending silos. 

Raw meal from the silos passes through special 
feeding devices to the feed end of the kilns. Coal is 
conveyed from dump to storage bunker feeding to three 
mills, which provide pulverised coal at the firing end of 
the kilns. 


Production of Sulphur Dioxide and Cement Clinker 


The two rotary kilns, each 355 ft. long, are the heart 
of the anhydrite process. They are in general similar 
to orthodox cement kilns, but the linings and certain 
other details are specially modified. Pulverised coal is 
fired at the opposite end of the kilns to that at which 
the raw meal enters. The silica, alumina and iron oxide 
in the sand, shale and coke combine with the lime in 
the anhydrite to form cement clinker. 

The clinker leaves the kilns through tubular coolers 
and is received in hoppers, from which it is taken by 
shaker conveyers to jaw crushers, and is then elevated 
to automatic weighers : from these it is fed to clinker 
bunkers by conveyers with travelling trippers, and from 
the bunkers it is elevated and conveyed through an 
overhead gantry to a 10,000-ton covered clinker store. 


Gas Purification 

The gases leaving the two kilns are kept in two 
separate streams, which are cleaned, cooled and con- 
verted into sulphuric acid by what are in effect two 
similar plants in parallel. The kiln gases are hot and 
dusty and contain mainly sulphur dioxide, oxygen and 
nitrogen. The bulk of the dust in each stream of gas is 
removed in a smoke box and cyclone: the gas then passes 
to a cooling tower over which clarified river water is 
pumped cooling and saturating the gas and removing most 
of the remaining dust. Each stream of cleaned and 
saturated gas then passes through a set of four pairs of 
electro-precipitators, in which the last particles of mist 
and dust are removed. 


Conversion of Sulphur Dioxide to Sulphur Trioxide 


The sulphuric acid plants, as stated, operate on the 
orthodox “contact” system, the two units being 
identical in all respects except that one of them in- 
corporates an oleum tower. Each gas stream from the 
precipitators passes through a drying tower, in which 
water is removed by counter-current circulation of 
strong sulphuric acid. The dried gas then passes through 
blowers into a multi-stage converter, in which, in the 
presence of a vanadium catalyst, the sulphur dioxide 
and oxygen in the gas combine to form sulphur trioxide : 
this process of oxidation is exothermic (i.e. productive 
of heat), and heat exchangers are accordingly used 
between the stages of conversion in order to maintain 
the gas at a suitable temperature. The sulphur trioxide 
is then passed through three annular cooling towers in 
series, the last of these towers being water-cooled. 


Absorption of Sulphur Trioxide to form Sulphuric 
Acid 

Each sulphur trioxide stream then passes through 
two absorber towers, in which it is absorbed in strong 
sulphuric acid, part of the sulphur trioxide in one stream 
having been absorbed in the oleum tower. The strength 
of the acid leaving the absorbers is kept constant by 
dilution with water, and the nett “ make ” of acid thus 
obtained is pumped to storage. From the storage tanks 
it is pumped through loading arms to either road or 
rail tankers. 

Traces of unconverted sulphur dioxide in the gas 
streams leaving the absorbers are removed in tail gas 
scrubbing towers before the tail gas is released to 
atmosphere. Town’s water is used for sulphuric acid 
dilution. For cooling purposes clarified river water is 
pumped from the river Mersey at Fidler’s Ferry. 
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Blast Furnace Instrumentation 


Kent Instruments at 


of the Appleby-Frodingham Steel Company at 

Scunthorpe included the building of two large 
blast furnaces, ‘‘ Queen Anne” which was blown-in at 
a ceremony last March, and “‘ Queen Victoria ” blown-in 
four months later. A large part of the general instru- 
mentation for both these furnaces and accompanying 
plant, i.e., boilers, blowers, sinter strands (the largest in 
the world), stoves and gas cleaning plant, was supplied 
and installed by George Kent Ltd. The main con- 
tractors through whom instruments were supplied were 
Parolle Electrical Plant Co. Ltd.; Ashmore, Benson, 
Pease and Co. Ltd. ; and Head Wrightson and Co. Ltd. 
Some instruments were also supplied direct to the 
Appleby-Frodingham Steel Company. 

For 25 years, it has been the policy of Appleby- 
Frodingham to take full advantage of the benefits to be 
derived from the application of instruments and auto- 
matic controllers to processes and plant items. This 
policy has been followed at Seraphim, where great care 
has been taken in the choice and installation of the 
instruments. To ensure the best service in the atmos- 
phere surrounding a blast-furnace plant, most of the 
instruments have been fitted inside properly designed 
and heated control rooms pressurised with filtered air. 
To obtain clear vision of the instruments from outside 
the rooms, the windows have been sloped to reduce 
reflection and special attention has been paid to lighting. 


r | ‘HE Seraphim extensions at the South Ironworks 


Boiler Plant 
Steam is supplied by four John Thompson boilers, each 
fired by either fuel oil or blast-furnace gas and rated to 
evaporate 85,000 lb. of water per hour at 450 Ib. /sq. in. 
Each boiler has an associated instrument and control 


Appleby-Frodingham 


panel and when fired with gas, the boilers operate under 
fully automatic Askania control. 

Steam pressure is controlled for the whole battery 
by a master controller which operates the forced-draught 
fans, and individual air-to-gas ratio controllers balance 
the gas flow to the air flow. Combustion-chamber 
pressure on each boiler is separately controlled and 
control of superheat is also provided. There are a 
number of safety devices and alarms to close the gas- 
burner valves on failure of power, gas pressure, or burner 
ignition. 

As oil is used relatively infrequently, only the steam 
superheat and combustion-chamber pressure are auto- 
matically controlled. The instruments provided for the 
fuel oil include a smoke-density alarm. 

For general boiler instrumentation, the total steam 
and feed-water flows are measured. Draught indication 
is given for combustion chamber, superheater outlet, 
boiler outlet, economiser outlet, gas and air outlets for 
air heater, and forced draught at fan outlet. Differential 
draught gauges show the blast-furnace gas and air flows 
through the boiler, and the gas pressure is also indicated. 
The oxygen content of waste gases from the boiler is 
paramagnetically recorded, giving a check for correct 
air/fuel ratio. Temperatures of boiler feed water, 
superheated steam, air, and gas are recorded on a four- 
point instrument. On the desk of the panel are the 
manual pneumatic controllers which position power 
cylinders working dampers in the air and gas ducts of 
the boilers. 

Between boiler paneis 2 and 3 is a Kent cabin-type 
fuel-oil panel (Fig. 1), which carries two fuel-oil-flow 
recorders, a fuel-oil-temperature recorder, and an oil- 


pressure recorder. A second cabin-type panel is located 





Fig. 1. 


December, 1954 


Boiler control panel (left) and cabin-type fuel oil control 
panel. 


Fig. 2..-Turbo-blower control panel. 
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Fig. 3. 


in the shift-foreman’s office. A central instrument 
shows the total blast-furnace gas flow to the boilers, and 
two instruments measure the flow of steam to the blast 
furnaces and turbo-alternators; pressures of blast- 
furnace gas and steam are also recorded. 


Turbo-Blowers 

Steam from the boilers drives four turbo-blowers, 
each rated at 75,000 cu. ft./min. of free air at 30 lb. 
sq. in. Steam flow to each blower is recorded, along 
with total cold-blast air flow and pressure from each 
blower (Fig. 2). Cold-blast flow from each blower is 
transmitted electrically to receivers on the blast furnace 
control panel, the receivers being capable of being 
switched from one set of transmitters to another. 
Automatic controls permit the blowers to be controlled : 
(a) at constant speed ; (5) at constant delivery pressure ; 
(c) at constant blast flow, so long as a set blast pressure 
Surging of the blowers is prevented by 
part of the blast to 


is not exceeded. 
automatically 
atmosphere. 


discharging 


Sinter Plant 
There are four sintering machines for the blast furnaces, 
and the instrumentation for each is identical. The 
control room gives a clear view of the two strands to 
the head operator, with a control desk in front, and 
separate panels carry instruments for controlling the 
sintering process. Recording instruments are housed on 
a panel forming the back wall of the room, and space 
for future additions has been provided. The water flow 
for saturating the charge is indicated, the blast-furnace 
and coke-oven gas flows are measured, and temperatures 
at selected windboxes and fan inlets are recorded. Other 
instruments show suctions underneath the conveyors, 
and also the strand speeds, whilst the permeability of 
the sintering mix shortly after ignition is indicated and 

recorded on a further instrument. 


Blast Furnaces 


The main instrument room, situated close to the 
manager's office, is common to both furnaces. Instru- 
mentation for the two furnaces centres on a Kent 


control panel (Fig. 3), the instrument lay-out for each 


Blast furnace control panel. 


furnace being identical. Hot blast temperature is 
automatically controlled by a Multelee variable speed, 
floating and proportional controller. This positions a 
butterfly valve in a stove by-pass main so as to maintain 
the hot blast temperature at the desired value. The 
inwall temperatures at six points round the furnace are 
indicated and recorded. Top-gas temperature and 
pressure are also recorded, as well as hot-blast pressure, 
and stock-line level measured by north and south test 
rods. A special instrument checks the operation of the 
automatic charging control. 

As research into blast-furnace operations indicates 
that new instruments may be developed or adapted for 
use at blast furnaces, ample space has been left on the 
panel to accommodate them eventually. 

Instruments of value to the man-on-the-job have been 
provided. The cast-house control room, which contains 
the clay-gun controls, three gas bleeder winches and 
snort-valve operating gear, has an instrument panel 
fitted with top-gas-pressure recorder and indicators of 
top-gas temperature, blast flow and pressure, and 
stockline level, together with the panel of switches and 
indicating lamps comprising the signalling system to 
blowers and gas-cleaning plant. 

There are three stoves to each blast furnace, and total 
blast-furnace gas flow to each group is measured, along 
with the temperatures of the stove domes and stacks. 
The dome temperature is automatically limited by setting 
the stove-burner combustion regulators to give a high 
air-to-gas ratio. 

Gas Cleaning Plant 

This plant includes instruments for three McKee-type 
gas washers and five precipitators. Recorders show the 
gas pressure to each washer and the gas outlet tem- 
perature. The flow of gas through each precipitator is 
indicated, and the final conditions of the gas—tem- 
perature, pressure, and flow—are also registered. 
Alarms give indication of power failure and high gas 
temperatures after the washers. Flow of water to each 
washer and precipitator is indicated, and the flow 
through each of the two supply mains recorded. The 
temperatures of water to and from the washers are 
recorded. 
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New Rectifier Equipment for Plating 
and Anodising 


HERE is an increasing tendency in modern plating 

practice to replace large rotary generator sets 

supplying groups of plating vats by individual vat 
control, using separate rectifier units, because of the 
advantages gained. The General Electric Co. Ltd. has 
therefore developed new plating rectifiers which provide 
an efficient and cheap method of obtaining a uni- 
directional current from either single or three phase A.C. 
mains supply for plating, anodising, and similar opera- 
tions. Unlike a motor generator set they have no 
moving parts and do not incur heavy maintenance 
costs. The D.C. supply for the vat can be switched on 
or off at will without any loss of current, whereas in the 
case of the motor generator the machine has to idle, 
using current unnecessarily, during such operations as 
the loading and unloading of vats. 

Other advantages are: higher efficiency—75°%, from a 
rectifier unit as against 60°, from a motor generator : 
economy in power by the use of an auto-transformer in 
place of a resistance control panel; flexibility of the 
entire system ; ease of replacement ; and large savings 
in running costs. The saving in running costs is 
particularly noticeable in the case of a general plating 
shop where for example, the following units might be 
installed : 


(1) Copper vat demanding 200 amp. at 3 volts 
(2) Tin vat - 200 amp. at 34 volts 
(3) Silver vat - 25 amp. at 14 volts 
(4) Nickel vat te 200 amp. at 23 volts 
(5) Cadmium vat _,, 75 amp. at 24 volts 
(6) Chrome vat ‘i 600 amp. at 4 volts 
(7) Cleaning a 200 amp. at 6 volts 
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For such an installation a motor generator would need 
to generate 7 v. (chrome striking voltage) at 1,500 amp. 
and give a continuous output of 5kW. The voltages 
for each vat would need adjustment by resistance 
boards and at an efficiency of 60°, the consumption 
would be 17-5kW. With separate rectifier units, 
however, each rectifier has only to supply its own 
running voltage. The chrome rectifier would be pushed 
up to 7 volts for striking for a negligibly small proportion 
of the time and the consumption would be : 


(1) Copper vat a ie 600 ~watts 
2) Tin vat eae eet 700 watts 
(3) Silver vat .. .. .. .. 374 watts 
(4) Nickel vat.. .. .. .. 500 ~watts 
(5) Cadmium vat .. ..... 1124 watts 
(6) Chrome vat 2,400 watts 
(7) Cleaning vat 1,200 watts 

Total... .. .. .. 5,650 watts 


With an efficiency of 75°, this gives a consumption 
of 7-4kW. and a saving in power of 10kW. which, 
assuming a 44-hour working week, amounts to 440 units 
per week. 

Description of Rectifier Units 

The new rectifier units comprise three main com- 
ponents, a variable auto-transformer, a double wound 
transformer and a full-wave bridge-connected selenium 
rectifier. The mains input supply is fed through a 
suitable switch and protective fuse to the variable 
auto-transformer which is used for control of the output 
The variation provided by this means is 


voltage. 





Control unit (left), transformer tank (centre) and rectifier tank (right), make up a G.E.C. 8 volt, 1,000 amp. 
rectifier unit, operating from a 3-phase supply for plating. 
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6 volt, 300 amp. plating rectifier; the transformer and 
rectifier are housed in the tank, and the control unit is 
mounted on top. 


continuous from zero to the maximum rated output of 
the rectifier unit. The output from this auto-transformer 
is applied to a double-wound transformer, where it is 
stepped down to the necessary value to supply the 
rectifiers. The transformer is constructed in accordance 
with B.S.171 and the rectifiers are of the G.E.C. selenium 
type, generously rated ; they are used in the full-wave 
bridge connection. The D.C. output is monitored by 
a moving coil voltmeter and ammeter, suitably protected 
against corrosive fumes. 


To eliminate the problems of cooling and corrosion, 
both transformer and rectifier are oil-immersed, using 
clear oil to B.S.148 Class B. A thermostat located near 
the surface of the oil sounds a warning bell and switches 
on a red pilot light if the oil temperature rises beyond a 
safe limit. The pilot light, bell and Variac control 
together with the meters are housed in a drip-proof 
compartment above the tank. Cooling is provided by 
natural convection, the warm oil rising and moving 
towards the sides of the tank where it cools by dissipating 
its heat to the surrounding air via the sides of the tank. 
As it cools it becomes more dense and moves to the 
bottom of the tank where it is drawn towards the centre 
and so repeats its cycle. In extremely large vats this 
movement can be increased by providing vertical tubes 
down the sides of the tank which increase the area of 
the tank in contact with the outside air. 

To minimise the difficulties caused by accidental short 
circuiting when the vats are being loaded, the output 
current is limited to not more than 300° of the full load 
current, and the rectifiers will withstand this overload 
for a period of several minutes at least. 

Normally, rectifiers are supplied for single-phase 
working, but for large units three-phase working is 
preferable, because it enables a smoother output and 
higher efficiency or lower A.C. power consumption for 
the same output to be obtained. For special purposes, 
such as chromium plating, three-phase units can be 
supplied in which the ripple of the output is less than 
4°. The smaller units are housed in one case but in 
the larger units, transformer, rectifiers and control gear 
are housed in separate units. 

The rectifier units described above are designed for 
operation in an average ambient temperature not 
exceeding 35°C. (95° F.). When required for use in 
tropical climates the ratings of the rectifier sets are 
reduced and the ambient temperature correspondingly 
increased. Tropically rated sets so modified can be 
operated in an ambient temperature of 55° C. (131° F.). 


3-Ton Arc Furnace 


HE accompanying illustration shows a modern arc 

furnace for steel melting supplied to the Clyde Alloy 

Steel Co., Ltd. It was installed by G.W.B. Furnaces, 
Ltd., of Dudley, and is to the designs of the Italian firm, 
L. Tagliaferri of Milan. The installation incorporates 
the hydraulic method of electrode regulation which has 
been developed since the early 1930's by Ing. L. 
Tagliaferri. It is claimed that the high speeds and rapid 
acceleration obtained with the hydraulic system have 
been largely responsible for the high efficiency obtained 
with this particular furnace by the Clyde Alloy Steel 
Co., Ltd. 

Briefly, the electrodes are attached to pistons, the 
movements of which are caused by water under pressure, 
the flow being governed by a valve which is operated by 
oil pressure on one side and an opposing spring on the 
other ; the variations in the electrode current (caused 
by the state of the charge, and the process of melting) 
are reflected in a movable magnetic core attached by a 
rod to a piston controlling the flow. 

Furnace charging is considerably facilitated by the 
provision of a lift and swing-aside roof. This method 
speeds up loading which is carried out by means of a 
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drop-bottom steel charge basket. In the Clyde Alloy 
installation miscellaneous charges of mild steel scrap and 
turnings are used for the production of high quality 
castings. 

The average melting time required per charge has 
been found to be 2-16 hours with a 3-ton charge, although 
it is of interest to learn that in spite of this weight being 
the maximum nominal capacity, charges of 4-25 tons 
have been used. As would be expected from the type 
of charge the refractory lining is of the basic type. 

The furnace, which is rated at 2,000 kVA, is fed from 
a 6-6 kV supply through a transformer of suitable 
capacity ; the power consumption per ton of metal 
melted is 650 kWh. Graphite electrodes, 8 in. in diam., 
are employed, and a consumption of 10 lb. of electrode 
per ton of metal produced is averaged. 


Nimonic DS hoe 


HEN equipment forms part of a production flow 

\¢ line, reliability takes on an importance which is 

not easily measurable in terms of the time taken 
to get one piece of equipment back into action and the 
amount of work lost. Furnace equipment often forms 
part of a production line and this conveyor belt furnace, 
used for the continuous annealing of pressings in the 
Burnley works of Messrs. Joseph Lucas (Gas Turbine 
Equipment), Ltd., performs a necessary intermediate 
step in the production of gas turbine components. 

It is in operation for twenty-four hours per day for six 
days in every week, mainly for annealing cold-worked 
pressings in Nimonic 75 prior to further working. For 
about five per cent. of the time, however, it operates at 
700° C., annealing mild steel pressings. The Nimonic 
75 pressings are loaded at a density of about one per foot 
of conveyor belt and weigh an average three pounds each. 
About 222 pressings pass through the furnace every 
three hours, giving an average production for the 
twenty-four hour period of 2,664 pressings. 


PHYSICAL PROPERTIES OF NIMONIC Ds 


Specific Gravity ; 7-97 
Melting Range . * ‘ 1320- 1350 
Thermal Conductivity, c.g.s. units : 
at 100° C. a — 9-034 
at 900° C, se . . ee ° ° . oe 0-075 
Mean Coefficient of Thermal Expansion (millionths per °C.): 
20-100° ©. .. : : ‘ » we « ° 14-2 
20-200° C. . , ‘ . 15-4 
20-300° C. . ° . ° . ee * . | 16:1 
20-400°C. .. ; ‘ 16-5 
20-500" C. 16-9 
20-600° C. 17-4 
20-700° ©. 17-7 
20—800° CO, 18-5 
20-900° C. .. ° 19-3 
Electrical Resistivity : 
microhms/em./sq. cm, at 20° ©, 108 





With this rate of travel and an annealing temperature 
of 1,040° C. for the Nimonic work, it is apparent that the 
material from which the belt is woven must have good 
resistance to oxidation and scaling, and must retain its 
strength at high temperatures in order to avoid stretch, 
which, besides causing delay while the belt is adjusted, 
gives rise to unevenness and unequal distribution of 
stress across the belt. For this service, the Birlee fur- 
nace illustrated employs Nimonic DS, a_ nickel- 
chromium-iron alloy containing nickel 37°,, chromium 
18%, silicon 2° with balance iron, a composition which 
was developed especially for this type of service. In this 
particular instance the atmosphere used is partially 
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The hydraulic electrode control is part of a common 
system providing motive power for tilting the furnace 
body, lifting and swinging aside the roof, and raising 
the door. Two electric pumps are fitted (one spare to 
ensure continuous operation) in the sump supplying 
water to the accumulator tank to which is also connected 
a compressed air bottle. The primary function of the 
compressed air feed is to damp the pressure oscillations 
which may occur during operation and to permit lifting 
the electrodes in the event of failure in the electricity 
supply to the feed pumps. An interesting feature in 
regard to ease of working is the method of holding the 
electrodes in position, which is effected by spring loaded 
clamps ; unclamping is easily accomplished by means 
of an off-take from the hydraulic pressure system thus 
reducing to a minimum unpleasant maintenance work 
on top of the hot furnace lid. 


Conveyor Belts 


burnt town’s gas. Nimonic DS is the most resistant of 
the Wiggin heat-resisting materials against the corrosive 
attack of this type of atmosphere, and also to “ green 
rot.” From the table of physical properties it will be 
noted that therma! conductivity is fairly high, while 
expansion figures are near those for mild steel, a factor 
which enables Nimonic DS to be used without the 


need to make allowances for differential expansion. 

This furnace, supplied by Birlec, Litd., has been in 
operation for nine years, and the average life obtained 
months. 


with each Nimonic DS belt is nine 





By courtesy of Joseph Lucas (Gas Turbine Equipment) Ltd. 


This Birlec furnace, used for the annealing of pressings in 

Nimonic 75, uses another alloy of the same series, Nimonic 

DS, for the conveyor belt. The controlled atmosphere is 

derived from partially burnt town’s gas. Heating is by 

means of heavy-gauge Brightray S elements, mounted in 

the furnace refractory by means of pins made of 
Nimonic DS. 
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NEWS AND ANNOUNCEMENTS 


Symposium on the Protection of 
Structural Steel 


A symposium on “ The Protection of Structural Steel,”’ 


organised by the Corrosion Group of the Society of 


Chemical Industry, will be held in the lecture theatre 


of the Institution of Civil Engineers during the days of 


Thursday, 3lst March and Friday, Ist April, 1955. The 
papers to be presented will include accounts of practical 
experience and of research with protective coatings 
gathered from several countries. 

Some details of the proposed papers are shown in the 
list which follows, covering contributions from France, 
Belgium, Holland, Sweden, and the U.S.A., as well as 
Great Britain. 


PRACTICAL EXPERIENCE 
“Practical Experience of Protection by Sprayed Metal 
Coatings,’ by W. E. Batiarp (Metallisation, Ltd.) and 
F. A. Rivert (Schori Metallising Co. Ltd.). 
“Current Good Painting Practice for Steel Structures in 
U.S.A.,”” by J. Bicos (Steel Structures Painting Council, 
U.S.A.) 


“Painting and Protection of Steel Structures (Great 
Britain), by F. Fancurr (British Railways). 

‘Protection Problems in Chemical Plant,” by F. R. 
HimswortuH (Imperial Chemical Industries Ltd., Billingham 
Division). 

“The Preservation of Steel on Gas Works (in Great Britain),” 
by L. A. Rava.p (North Thames Gas Board). 

*“Some Factors in the Protection of Steel in and at the 
Steelworks,”” by W. A. Jonnson (United Steel Cos. Ltd.). 


COMPARATIVE TESTS 

“Principles of Protective Painting,” by C. DrcHaux 
(Societe des Peintures, Paris). 

‘“* Exposure Tests of Paints and Zine Coatings in Sweden,” 
by K. F. TraGarpsu and P. Nyiten (Swedish Corrosion 
Commission). 

“The Formulation of Priming Paints for Structural Steel,” 
by J. C. Hupson and J. F. Stanners (British Iron and Steel 
Research Association). 

‘Physical Examination of Paints in Relation to their 
Practical Performance,” by H. W. Taren (Verf-Institut, 
Delft, Holland). 

“Results of the Researches carried out by the Belgian 
Corrosion Commission,” by M. Van RyssELBERGE and 
D. BerMaNneE (A.B.E.M.). 

Of these authors, all except Dr. Bigos are expected 
to be present, and an additional distinguished visitor 
from overseas will be Mr. F. L. LaQue. 

Further details of the arrangements for the meeting 
will be published later, but non-members of the Corrosion 
Group who wish to receive a copy of the full notice of 
meeting and registration form, when it becomes available, 
are invited to apply to the Hon. Secretary of the Group, 
Mr. S. C. Britton, The Tin Research Institute, Fraser 
toad, Perivale. Greenford, Middlesex. 


1955 Physical Society Exhibition 
ARRANGEMENTS for the 1955 Physical Society Exhibi- 
tion of Scientific Instruments and Apparatus are now 
well in hand. The Exhibition will be held in the New 
Hall of the Royal Horticultural Society, Westminster, 
from Monday, 25th April to Thursday, 28th April, 1955, 
inclusive. It is anticipated that about 140 exhibitors 
will take part. Exhibits will include scientific instruments 
and apparatus, newly developed or in the process of 
development, and pieces of research apparatus which 
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make use of physical principles in ways hitherto un- 
explored. Among exhibitors of this type of apparatus 
will be a number of University Departments and 
Government Establishments. The Exhibition will also 
include stalls showing new scientific books and journals 
by a number of publishers. The Handbook of the Ex- 
hibition will be compiled as in previous years and will 
contain, not only informative descriptions of instruments 
on show at the exhibition, but also a large advertisement 
section which is open to all firms with scientific interests, 
whether taking part in the Exhibition or not. 

The change of venue from Imperial College to the 
Royal Horticultural Society’s New Hall will in no way 
change the unique character and well-known purpose 
of the Exhibition; it will continue, in fact, to provide, 
primarily, opportunities for research physicists, and 
indeed all scientists interested in physical instruments 
and apparatus, to see what is in development, what is 
new, and what is not so new, and also to see and contact 
on the spot technical representatives of exhibiting firms. 
The space in the New Hall is in its nature more compact 
than that which has been available at Imperial College 
and it is hoped that this will help visitors to see the 
Exhibition more advantageously in a shorter time, 
although in order to house as many exhibits as possible, 
stands will, as usual, be arranged with full regard to 
economy. 


Conference on Problems of Aircraft 


Production 

FoLLOWING the success of the two previous Conferences, 
the Southern Section of the Institution of Production 
Engineers is organising a Third Annual Conference on 
“ Problems of Aircraft Production ’’. It is to be held in 
the University of Southampton (by kind permission of 
the Vice-Chancellor) on January 14th and 15th, 1955. 
The object of the Conference is to bring together senior 
executives responsible for the design and production of 
aircraft, for the purpose of discussing and arriving at a 
mutual understanding of each other's problems. 

The theme of this Third Conference is: ‘ Integral 
Construction Contrasted with Traditional Methods ” 
Full details of the programme and forms of application 
for Conference tickets may be obtained from the Sec- 
retary of the Institution of Production Engineers, 
10, Chesterfield Street, London, W.1. The Conference 
fee, which includes the official luncheon on Friday, 
January 14th, and other refreshments, is 30s. for members 
of the Institution and affiliated representatives, and 35s. 
for non-members. Tickets will be allotted in order of date 
of receipt of applications, the closing date for which is 
Wednesday, 5th January, 1955. 


Tinplate Imports 


AFTER consultation with the Iron and Steel Board, the 
Government have decided to suspend the import duties 
on tinplate and tinned sheets until September 18th, 1955. 
The Order giving effect to the suspension of the import 
duties is the Import Duties (Exemptions) (No. 8) 
Order, 1954 (S.I. 1556) which came into force on Novem- 
ber 29th. Some imports of tinplate will be allowed from 
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the United States of America in view of the increasing 
demand which despite expanding home production 
cannot at the present time be fully met. The quantities 
of tinplate to be imported will be determined in the 
light of developments in supply and demand. Certain 
United Kingdom tinplate producers have undertaken 
to arrange imports from U.S.A. which will be sold at 
the maximum price for home produced tinplate fixed 
by the Iron and Steel Board. These imports will be 
distributed through the Government’s allocation ma- 
chinery for tinplate so as to ensure that they do not 
displace the output of the hand mills. The producers 
and main consumers of tinplate have undertaken to 
co-operate fully in maintaining and accepting the output 
of the hand mills. The licensing arrangements for imports 
of tinplate, as for certain other finished and semi- 
finished iron and steel products from Western European 
and certain other non-dollar sources, will continue 
substantially unchanged. Details of these arrangements 
are being announced in Notice to Importers No. 695. 


Electrical Engineers’ Exhibition 


Tue Rt. Hon. Lord Citrine, P.C., K.B.E., Comp. I.E.E., 
Chairman of the British Electricity Authority, has 
agreed to open at noon on March 15th, the 1955 Electrical 
Engineers’ Exhibition at Earl’s Court, London. The 
main theme of the Exhibition will be the “ British 
Electric Motor,” and at the end of the Hall will be a 
display called ““ Motor Way,” where a dais is to be 
erected for one of every type of specialised motor in 
the industry to be shown. 

Two silver awards will again be presented for the 
outstanding 1955 electrical industrial and domestic 
labour-saving equipment. The judging will be carried 
out by the Association of Supervising Electrical 
Engineers’ Technical Committee in the case of the 
technical award, and jointly with the Electrical 
Association for Women for the domestic award. 


New Dates for Machine Tool Exhibition 


THE dates previously announced for the International 
Machine Tool Exhibition to be held at Olympia, London, 
in 1956 have been altered. The exhibition, organised 
by The Machine Tool Trades Association, will now take 
place from 22nd June to 6th July, 1956 (Sundays 
excepted). This is a week later than originally planned. 


The Society of Non-Destructive 
Inspection 
In view of the greatly increasing application of non- 
destructive testing in all branches of the engineering 
industries, a Society of Non-Destructive Inspection has 
been formed in Great Britain to assist persons responsible 
for the use of non-destructive examination methods. 
The main object of S.O.N.D.I. is free and informal inter- 
change of information and experience between those 


concerned with the development, control, and use of 


non-destructive testing equipment and techniques. The 
new Society is concerned with the promotion of radio- 
graphic, ultrasonic, magnetic, acoustic and other 
methods of non-destructive inspection. Its membership 
has been drawn from a wide range of engineering 
industries such as aircraft, atomic energy, electrical, 
ship-building and transport, etc. Close co-operation 
with research associations, professional institutions and 
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other organisations already concerned with different 
aspects of non-destructive inspection is being sought, 
and friendly contacts have already been established. 

Although in a number of other countries, including 
U.S.A., Germany, Holland and Japan, independent 
organisations concerned with non-destructive testing 
have been established during the past few years, until 
the information of 8.O.N.D.I. there was no single body 
in Great Britain solely concerned with this important 
and relatively new engineering technique. 

The headquarters of the new Society are at Duncan 
House, Dolphin Square, London, 8.W.1. 


Factory Safety Exhibition 

THE Third Safety and Factory Efficiency Exhibition to 
be held in Bingley Hall, Birmingham, from 24th June 
to Ist July, 1955, will be planned to attract an even 
larger attendance than the previous Exhibition, held in 
1953, when more than 19,000 visitors from industrial 
concerns from all parts of Great Britain attended. The 
theme of the Exhibition will be that accident prevention 
and factory efficiency go hand-in-hand, and a special 
attraction will be a novel centrepiece—an “ ideal 
factory ” producing goods and laid out to show the best 
and safest working practice. The factory will occupy 
about a fifth of the exhibition space, and will be staffed 
by firms lending their plant to equip it. In the stores 
of the factory the latest types of mechanical handling 
equipment will be seen in operation. Gangways will be 
painted with white lines and an effort will be made to 
set the highest possible standards of cleanliness, efficiency 
and safety. 


Chemical Laboratory Exhibition 

THE Manchester and District Section of the Royal 
Institute of Chemistry is arranging an Exhibition of 
Chemical Laboratory Apparatus, Instruments and 
Techniques on the occasion of its Annual General 
Meeting. The Exhibition will be heid at the Manchester 
College of Technology, and will be open to the public 
from 2 p.m. to 8 p.m. on January 5th, and from 10 a.m. 
to 8 p.m. on January 6th, 1955. The latest instruments 
and apparatus will be shown by leading manufacturers, 
with special emphasis on distillation and fractionation 
equipment The aim of the organisers is to provide 
industrial and research chemists, and other interested 
technologists, with an opportunity to see the latest 
apparatus and instruments. As far as possible exhibits 
will be “ live ” and as an additional attraction a skilled 
glassblower will demonstrate the making of laboratory 
glass ware. 


The Institute of Metals 

Informal Discussion Change 
THE Institute of Metals Informal Discussion on ‘‘ Non- 
Metallic Die Materials,” announced to be held at 
Birmingham on 16th February next, will not take place. 
Instead, under the auspices of the Metallurgical Engin- 
eering Committee of the Institute, an all-day Informal 
Discussion on “* The Treatment of Swarfs, Sawings, and 
Residues in the Non-Ferrous Metal Industries,”’ will be 
held at the University, Edgbaston, Birmingham, 15, on 
Wednesday, 16th February, 1955, at 10.30 a.m. Visitors 
will be welcome, and no tickets are required. Members 
and visitors may take lunch (price 5s. 6d.) in the Uni- 
versity Refectory, provided that they give notice to the 
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Secretary of the Institute, 4, Grosvenor Gardens, 
London, 8.W.1, not later than Monday, 7th February. 
Requests for lunch tickets should be accompanied by an 
appropriate remittance in payment. 


Coke Oven Plant Orders 
WoopaL_-DuckHAM ConstrucTION Co., Lrp., have 
just received from South African Iron and Steel Indust- 
rial Corporation, Ltd., two large orders for coke oven 
plants, the approximate total value of which amounts 
to one and three-quarter million pounds. One plant 
is to be built at the Vanderbijl Park Works and the other 
at the Pretoria Works. Both these contracts have been 
obtained in keen world-wide competition, especially 
with German firms. 


Electrical Equipment for Lackenby 
Steelworks 

THE General Electric Co., Ltd., has been entrusted by 
Dorman Long (Steel), Ltd. with a contract for electrical 
plant and control gear valued at £250,000. The order 
covers electrical equipment for the auxiliary drives of 
a combined universal beam and heavy section mill for 
the new works at Lackenby, and includes nearly 6,000 
h.p. of mill-type motors. Ten synchronous motor- 
generator sets will provide the D.C. supplies for the 
mill motors. The control gear, which embodies the G.E.C. 
control exciter system, includes five switchboards of 
the flatback contactor type. 


Personal News 


Mr. J. A. Wetiines, Manager of the Foundry Division 
of High Duty Alloys Ltd., has been appointed Director 
and Vice-President of Canadian Steel Improvement Ltd., 
of Etobicoke, Ontario, which was purchased earlier this 
year by the Hawker Siddeley Group from the Steel 
Improvement and Forge Company, Cleveland, Ohio, 
U.S.A. As part of an extensive development programme 
for greater production, particular attention will be given 
to the forging of titanium and the casting of Hiduminium 
and Magnuminium alloys. 

Mr. K. A. Maciean who until recently was Assistant 
to the General Works Manager of the Northern 
Aluminium Co. Ltd., has been appointed Head of the 
Fabricating Division of Aluminium Laboratories Ltd., 
Banbury. He will operate in support of Aluminium 
Ltd.’s interests in the territories for which Aluminium 
Laboratories Ltd., Banbury, is responsible—Europe, 
Africa, and India—and will work in collaboration with 
an equivalent division at Aluminium Laboratories Ltd., 
Kingston, Ontario. 

Str Leonarp Lorp, K.B.E., Chairman and Managing 
Director of The British Motor Corporation, has been 
elected Vice-President of the Institution of Production 
Engineers, and President-Elect. Sir Leonard will take 
up office as President, on Ist July, 1955. 

Mr. R. T. Spooner, the Warwickshire wicket-keeper, 
who has twice toured abroad with M.C.C. sides, is to 
take up a business appointment which, for the time being, 
will run parallel with and permit him to continue his 
cricket career. He has become a Sales Representative, 
covering the Midlands area, on the staff of Head, 
Wrightson and Co. Ltd. Mr. Spooner served an appren- 
ticeship with the company and, after war service with 
the R.A.F., he returned to them until he joined the 
Warwickshire staff in 1948. 
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Mr. G. W. WELLS and Mr. P. F. Benton JoneEs have 
been appointed to the Board of The United Steel Cos. 
Ltd. Mr. Wells is Chairman of United Steel Structural 
Co., and General Manager of the Appleby-Frodingham 
Steel Co., and Mr. Benton Jones is General Manager 
of the United Coke and Chemicals Co. 


Mr. V. Harsorp and Mr. T. G. Howarp, of Riley, 
Harbord and Law, consulting metallurgists and chemists, 
announce that Mr. W. A. C. Newman, C.B.E., who has 
retired from his position as Chemist and Assayer of the 
Royal Mint, has joined them as Consultant. 

THe British ALUMINIUM Co. LTD. announce that Mr. 
P. Ratpu has been appointed Manager of the Scottish 
Branch Sales Office in succession to Mr. M. J. J. 
RicHarpDs who has been appointed Assistant Manager 
of London Branch Sales Office. 

Mr. G. A. RENDLE has been appointed to the Board 
of British Insulated Callender’s Construction Co. Ltd. 
He becomes Manager (Cable Contracts) in succession to 
Mr. C. H. FRANKLAND who, while remaining a Director 
of B.I.C. Construction Co. Ltd., has undertaken special 
duties at the Trafford Park Works of British Insulated 
Callender’s (Submarine Cables) Ltd. Mr. C. KipBie- 
WHITE has also been appointed to the Board of B.I.C. 
Construction Co. Ltd., as an Executive Director. 
BRITISH INSULATED CALLENDER’S CABLES LTD. announce 
the appointment of Mr. E.S. Mackay as Manager of their 
Leicester Branch Office. When the Macintosh Cable 
Co. Ltd. was taken over by British Insulated Cables 
Ltd. in 1935 he represented B.I.C. Ltd. in the Midlands 
until the time of the merger in 1945 with Callender’s 
Cable and Construction Co. Ltd. to form the present 
B.LC.C. Ltd. He continued to act as Midlands 
representative until his recent appointment as Leicester 
Branch Manager. 

Mr. B. SAMvELs retired recently after 52 years with 
Babcock and Wilcox Ltd. After some years spent in 
the Erecting Department, he was transferred to the 
Testing (now the Service) Department. He was put in 
charge of this work immediately after the first world 
war, and the next twenty-five years were spent in 
building up the Service Department until it reached its 
present world-wide status. Mr. Samuels was actively 
associated with the British Standards Institution, and 
took part in the preparation of several codes and 
specifications. He also helped to found the British Coal 
Utilisation Research Association, and was a member of 
the Technical Committee of the war-time Fuel Efficiency 
Committee of the Ministry of Fuel and Power. 

Dr. C. L. M. Corrrett has been awarded the Sir 
William J. Larke Medal for 1954 by the Council of the 
Institute of Welding, for his paper ‘‘ Hydrogen—Barrier 
to Welding Progress?” Dr. Cottrell, who was until 
recently a member of the staff of the British Welding 
Research Association, is now on the research staff of 
the English Electric Co. Ltd., at Rugby. 

THE MINISTER OF SuPPLY has appointed REaR-ADMIRAL 
W. T. Coucumay, C.B., C.V.O., D.S.O., 0O.B.E., to 
succeed Vick-ADMIRAL CASPAR JOHN, C.B., as Deputy 
Controller of Aircraft, Ministry of Supply, in March, 
1955. 





Obituary 
WE regret to record the death at Medellin, Colombia, 
South America, of Mr. R. 8. Botsrorp, the mining 
engineer. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Duostat Printer 


THE Model 30/40 Duostat printer has recently been 
introduced in response to a growing demand for docu- 
ment-copying equipment that will copy large documents 
such as maps, drawings and plans up to 30 x 40 in. It 
can also be used for smaller’ documents ; as many as 
twelve quarto documents can be placed on the printing 
glass at one time and copied simultaneously. Thus it 
is an extremely useful, rapid and economical printer for 
firms that require copies of large numbers of small 
documents. 

The Model 30/40 consists of a strong wooden cabinet 
covered with a hard-wearing grey plastic material and 
edged with light alloy strip. The printing bed is a 3 in. 
sheet of plate glass, which is matt on the underside. A 
counter-balanced wooden frame which carries a flexible 
beaded rubber blanket is hinged to the body of the 
printer. After placing the original document together 
with a sheet of document-copying paper on the printing 
glass, the frame and the blanket are swung down and 
locked into position. A small, electrically operated 
vacuum pump in the base of the printer exhausts the 
air from beneath the blanket, so that document and 
document paper are pressed firmly into contact against 
the printing glass. This holds good whether the docu- 
ment to be copied is a flat sheet or a bound volume. A 
spring counter-balance holds the wooden frame and the 
blanket in the “ open ” position. 

The intensity of the printing light can be adjusted to 
suit the speed of the printing paper, and a retractable 
yellow screen is fitted beneath the printing glass to 
improve clarity and contrast in the print. Working on 
the roller-blind principle it is operated by a handle on 
the right of the machine. An electric timer enables any 
exposure up to 60 seconds to be pre-set. When the 
document is in position, with the wooden frame and 
rubber blanket clamped down, the pointer of the timer 
is set to the required exposure time, and this action 
automatically starts the vacuum motor unit. When the 
exposure button is pressed the printing lights are switched 
on. Upon completion of the exposure, the vacuum pump 
and printing lights are automatically switched off. The 
exposure can be repeated any number of times simply by 
turning the timer pointer to a stop and pressing the 
exposure button. 

Kodak, Ltd., Harrow, Middlesex. 


Rolla-Bench 


A NOVEL solution to the problem of finding a little extra 
bench space is provided by the Shandon Rolla-Bench, 
which consists of an 18 x 24 in. solid teak bench top 
fitted with two adjustable tubular steel legs mounted on 
rubbered castors. A further 12 x 24 in. hinged leaf 
van be raised when required to provide a total of 5 sq. 
ft. of extra bench space. The permanent bench top is 
fitted with a slotted rail along its edge, and retaining pin 
heads on the edge of the Rolla-Bench top fit into these 
slots. The additional bench space is thus supported at 
one side by the rail and pin construction, and at the 
other—or at least at the hinge—by the wheeled legs. 
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The Rolla-Bench can readily be locked in any position 
along the length of the permanent bench, and yet can 
be instantaneously rolled along to a new position. One 
advantage of this design is the ease with which access 
can be gained to drawers and cupboards in the permanent 
bench. 

Shandon Scientific Co., 

London, S.W.7. 


Cromwell Place, 


Ltd., 6, 


Recorder with New Features 


Ture Foxboro Model 53 Consotrol recorder, a compact 
instrument primarily designed for use on Console and 
Graphic panels, is now available with a number of new 
features which give greater clarity and readability and 
improved and simplified chart inspection facilities. A 
high concentration of instruments on a panel may result 
in a recorder being mounted at heights above eye level 
and previously this has resulted in loss of readability. 
Foxboro-Yoxall Ltd. have met this difficulty by fitting 
the new Model 53 with a redesigned pen arm coming 
further to the front of the instrument and having a new 
type pen with a much longer point. This means that the 
pen point is now recording on the forward slope of the 
chart instead of at its top dead centre as previously. 
The chart itself has also been slightly angled so that the 
two features combine to give greatly improved all round 
visibility. The pen arm also incorporates a new bow 
spring adjustment which further simplifies the fine and 
positive setting of the pen. 

The chart of the Model 53 runs for 30 days, the 
recorded portion being wound onto a rewind drum as it 
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leaves the face of the instrument. On some processes 
a daily or more frequent inspection of the chart may be 
required and to simplify the chart’s quick removal under 
such circumstances a new design feature provides a pair 
of flexible guides which steer the used chart past the 
rewind drum and into a trough where the chart’s natural 
tendency to curl forms it into a neat roll. The end of 
the chart is thus free and may be quickly pulled out for 
inspection or torn off against a new type tear off bar 
which gives a clean tear without serrations. 

Foxboro Yoxall Ltd., Lombard Road, Merton, London, 

S.W.19. 


Melting Flux for Magnesium -Containing 
Light Alloys 


DIFFICULTIES are experienced in melting, refining and 
casting aluminium alloys containing from 1 to 10% 
magnesium, due to the loss of magnesium by volatilisa- 
tion and oxidation, and to the ease with which the molten 
alloy absorbs hydrogen in the presence of water vapour. 
These difficulties can be reduced by the use of covering 
fluxes while melting, and particularly during holding and 
refining. A major ingredient necessary in these fluxes 
is anhydrous magnesium chloride; this is expensive, 
having to be imported from the dollar areas, and although 
other materials have been found suitable, they have 
usually proved even more costly. Magnesium chloride 
has the disadvantage that it is extremely deliquescent, 
and if great care is not used in the manufacture and 
subsequent storage of these fluxes, their use may be 
likely to give rise to conditions leading to hydrogen 
absorption. 

As a result of extensive research, Essex Aero Ltd. 
have developed a method of manufacturing fluxes for 
aluminium alloys containing magnesium and magnesium- 
based alloys which avoids the use of anhydrous mag- 
nesium chloride, using instead materials that are cheaper 
and more easily obtained, thus enabling them to offer 
a finely ground prefused flux at a low and stable price. 

Special manufacturing methods ensure that the flux 
is molten at the moment of preparation and is therefore 
initially free from water, thus producing an essentially 
anhydrous prefused finely ground flux. Another benefit 
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of the special method of preparation is the avoidance 
of the direct use of the expensive magnesium fluoride, 
since the prefusion stage permits of the equilibrium 
between the ingredients to be built up prior to use on 
the actual melt. 

Other important properties of the flux are the spread- 
ing or wetting power and the stability of the film once 
it is built up, and users of this prefused flux have found 
the fine grinding permits a wider spread of the flux and 
the consequent more rapid fusion, resulting in con- 
siderable economies in the amount of flux used. The 
flux is powdered under conditions which prevent the 
absorption of water, and while hot is transferred to 
drums and immediately hermetically sealed, ensuring 
that the flux arrives at its destination in an essentially 
anhydrous condition. 

Essex Aero Ltd., The Airport, Gravesend. 


New Welding Anti-Spatter Paint 
Tue Are Manufacturing Company announce the intro- 
duction of a new anti-spatter paint under the brand 
name Kleenare. Supplied in powder form it is mixed 
with water or methylated spirit to a creamy consistency 
and applied to the work surfaces with a small paint 
brush. 





Effectiveness of anti-spatter paint can be seen on the 
right. 


The application of Kleenare to surfaces to be welded 
provides a protective skin which prevents spatter and 
slag particles from sticking to the work and, because it 
assists ionisation, stabilises the arc. It is also a flux in 
itself, is non-toxic, non-corrosive, non-fuming and 
non-irritant. It is particularly useful for protecting 
bronze, stainless steel, and other machined steel surfaces, 
and welding jigs from spatter accumulations, which, 
after the welding operation, can be quickly removed 
from the work by means of an ordinary wire brush. 
A 1 lb. tin will cover approximately 175 sq. ft. 

Are Manufacturing Co. Ltd., Actare Works, Nitshiil, 

Glasgow. 
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Book Notices 


CORROSION PROBLEMS AND PREVENTION IN 
THE CHEMICAL AND PETRO-CHEMICAL 
INDUSTRIES IN THE U.S.A. 

130 pp. Report of Technical Assistance Mission No. 10. 
Published by the Organisation of European Economic Co-opera- 
tion, and obtainable from H.M. Stationery Office. 8s. 6d. 
THE economic importance of corrosion is all too little 
understood, both in industry and among the general 
public. Apart from the avoidable wastage of scarce 
metals, which becomes increasingly serious as_ the 
world’s ore reserves are depleted, economic losses due to 
corrosion include interruptions of production or services, 
losses or spoiling of commodities, reduced profits, 
safety hazards, inconvenience and consequent ill-will 

caused to employees, customers and the public. 

The Report is divided into three parts—Theory and 
Method ; Protective Techniques; and Anti-Corrosive 
and Heat-Resisting Materials. In its preparation it has 
been assumed that the reader is well-grounded in the 
subject, and no attempt has been made to cover the 
ABC of corrosion and anti-corrosion, nor to define the 
various terms used in this field. 

There appears to be a more general awareness in the 
United States of the eeonomic consequences of cor- 
rosion damage, and, at least in the larger plants, the 
cost of control methods and products is not viewed 
as “first cost ’’ but as “ ultimate cost.’’ Nor are the 
research and design aspects of the subject neglected, 
whilst the search for test methods which will give 
results more in line with service performance continues 
to occupy the attention of many workers. 

The Report deals with such technical aspects as barrier 
coatings, cathodic protection, inhibitors in the 
petroleum industry, and anti-corrosive materials of 
construction. In the latter connection, the Mission 
strongly recommends the use of standard reference 
numbers for steel composition in Europe. 


‘CASSEL ’’ MANUAL OF HEAT-TREATMENT AND 
CASE-HARDENING 
Sixth edition, revised January, 1954. 216 pp., 105 illustrations, 
38 tables. Imperial Chemical] Industries Ltd., Imperial Chemical 
House, Millbank, London, 8.W.1. Copies can also be obtained 
from I.C.I. sales cffice 15s. 
THIS manual is intended primarily to provide particulars 
of I.C.I. molten salt baths and processes for the heat 
treatment of ferrous metals, but an elementary introduc- 
tion to the metallurgical factors involved in processing 
the steels mentioned has also been included in order to 
eater for those who have little if any metallurgical 
knowledge—particularly the many engineering works 
without trained metallurgical staif. Besides the case- 
hardening in cyanide-containing baths of plain and alloy 
steels developed for the purpose, reference is made to 
the heat treatment of malleable and grey cast iron, tcol 
steels, and stainless steels. Attention is also paid to 
such operations as austempering, martempering and 
cyclic annealing, which usually involve the use of salt 
baths. For those steels in which unwanted retained 
austenite is present after normal quenching, the low 
temperature or sub-zero type of treatment is mentioned. 
Although it is, perhaps, not normally regarded as a heat 
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treatment operation, there is a section on brazing metals 
by immersing a joint with preplaced brazing metal in a 
molten salt bath; followed by cooling and washing. 
Finally, methods of testing heat-treated parts for hard- 
ness, case-depth, etc., are discussed, together with means 
of controlling and maintaining the plant so as to ensure 
satisfactory results. 


THE RIVETING OF ALUMINIUM 
Information Bulletin No. 8 of the Aluminium Development 
Association, 33, Grosvenor Street, London, W.1. Revised 
edition, 62 pp., paper covers. 2s, 

Tuts Information Bulletin has been completely revised 
and enlarged to take into account the results of experience 
over the past few years, and in particular the progress 
leading to the successful development of aluminium 
rivets up to | in. shank diameter. The first edition, 
published in October, 1944, dealt with rivets up to 3 in. 
diameter and was largely concerned with aircraft practice. 
In revising the publication, its field of application has 
been broadened to cover the needs of users in riveting 
every type of structure. 

The Bulletin opens with a discussion of certain factors 
of a general though fundamental character, such as the 
choice of rivet material ; the range of rivet sizes and head 
shapes available; brief notes on the manufacture of 
rivets ; and a discussion on the factors influencing design 
of riveted joints. The succeeding two sections, forming 
the bulk of the Bulletin, deal with the riveting of light 
assemblies and of large structures : under each of these 
headings, notes are given on the equipment required, 
preparation for riveting, the shapes of driven points, 
driving technique, and the inspection of riveted joints. 
Appendices include notes on the mechanical testing of 
rivets and on their heat treatment, and tables of rivet 
lengths related to grip thickness and rivet diameter. 


Trade Publications 


In a new publication “ Telcon Products,” The Telegraph 
Construction and Maintenance Co., Ltd., Teleon Works, 
Greenwich, London, 8.E.10, describe briefly the range 
of products manufactured by the company. These 
include cables, cable ship equipment, plastics and metals. 
The latter are of specialised types and include magnetic 
materials—such as Mumetal, Rhometal, etc.—thermo- 
static bimetals, resistance alloys, glass sealing alloys, 
low expansion alloys, beryllium copper, and other special 
alloys made to order. 


ALTHOUGH slushing oils, lanolin greases, caoutechouc oil, 
and waxes had been suggested from time to time as 
temporary corrosion preventives, serious study of the 
subject did not commence until the 1920's, and really 
widespread use of protectives did not begin until the 
second World War, probably because engineering goods 
had never before been shipped or stored in such quantity 
and distributed so widely. Since an understanding of 
the mechanism of corrosion is necessary if certain 
application requirements for temporary corrosion pre- 
ventives are to be fully appreciated, an interesting 48- 
page booklet issued by the Wakefield-Dick Industrial 
Lubricants Division of C. C. Wakefield & Co., Ltd., 
Grosvenor Street, London, W.1, begins with a brief 
discussion of the causes of corrosion; then follow 
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chapters on the nature of temporary corrosion preventives 
and their application and removal. Several typical 
applications are described and the publication is com- 
pleted by an abridged list of corrosion preventives in the 
Wakefield range. 

In the past, parts made from brass have had to be cast, 
forged, stamped or machined, or possibly made by a 
combination of these processes. For small repetitive 
work this has called for meticulous accuracy in machining, 
with a high degree of finish to produce a precision 
result. Recently, however, powder metallurgy methods 
have been used to produce many of these parts in volume 
at a fraction of the machining cost. In a leaflet dealing 
with brass parts pressed from powdered metals, issued 
by Bound Brook Bearings, Ltd., Lichfield, Staffs., the 
points to be borne in mind regarding size, shape, toler- 
ances and quantities, in order to make the most of this 
new technique, are discussed. The chemical composition 
and average physical properties of Compo B brass parts 
are also given. 

Ir is just over 90 years since Charles Cammell & Co., 
introduced into this country a method of forging ingots 
by means of a hydraulic press. English Steel Corpora- 
tion, Ltd., a descendant of the Cammell company, now 
has one of the largest steel forging businesses in the 
world, and in a recently issued illustrated brochure, 
indication is given of the vast range produced by E.S.C. 
under press and hammer in recent years. Ingots from 
30 ewt. to 275 tons form the basis of these forgings, 
which may eventually go into service as boiler drums, 
chemical vessels, alternator rotors, turbine rotors and 
discs, axles, propeller shafts, gear wheel rims, pinions, 
crankshafts, connecting rods, etc. Heat treatment and 
machining of the larger forgings calls for the use of 
outsize furnaces and machine tools, as can be seen from 
the illustrations. The whole manufacturing process is 
briefly described, from steel melting, through forging, 
heat treatment, and machining, to final testing. 

Cortes of revised editions of two publications of Deloro 
Stellite, Ltd., Birmingham, are now available. Leaflet 
B3 gives particulars of the types and sizes of standard 
Stellite tipped tools and of the correct grinding technique 
to ensure full advantage being taken of the high edge 
strength and red hardness of Stellite. One of the 
principal applications of Stellite is as a hardfacing 
material, and the second publication, B9, describes the 
methods of carrying out this operation. Although most 
parts are best Stellite-faced by the oxyacetylene process, 
there are a large number of parts which can be faced 
satisfactorily by the metallic or carbon are processes. 
The hardness and corrosion resistance are then lower 
compared with oxyacetylene deposits, but the toughness 
is higher. Atomic hydrogen and argon-are processes can 
also be used, giving deposits similar to the oxyacetylene 
process. Besides details of the oxyacetylene and 
metallic arc processes, including any necessary pre- 
heating, instructions are given for machining and grinding 
the deposits. 

A NEw series of data sheets is being issued by Henry 
Wiggin & Co., Ltd., presenting in a concise form essential 
physical and mechanical data on wrought high nickel 
alloys. The first of these concerns the use of Nimonic 90 
for springs operating at extreme temperatures, and the 
second with Monel, a corrosion resisting copper alloy of 
wide engineering application. Copies may be obtained 
from the Publications Department, Henry Wiggin & Co., 
Ltd., Thames House, Millbank, London, 8.W.1. 
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IN many types of plant and equipment, one surface only 
of the metal is in contact with the corroding medium, 
and in such cases clad steels provide adequate corrosion 
resistance and product cleanliness with economy in cost 


of plant. In 1947, Colvilles, Ltd., introduced stainless 
clad steels, and under the same registered trade mark of 
* Colelad ” they have now added nickel-clad and Monel- 
clad steels to their list of products. In a new brochure, 
extensively illustrated by examples of applications of 
these materials, details are given of the method of 
manufacture and of the various tests applied to the 
finished product. Reference is also made to the points 
to be observed in fabricating clad steel by welding, hot 
forming, flame cutting, shearing and punching, bending 
and rolling, stress-relieving, and pickling and cleaning. 
MaGNETIC separators find application in nearly every 
industry where it is necessary to purify products from 
iron contamination, protect machinery from damage due 
to tramp iron, or separate ferrous from non-ferrous 
materials. A standard range of Permanent Magnetic 
Separators, made by Electromagnets, Ltd., Birmingham, 
19, is featured in two new leaflets, PM 47 and PM 48. 
Several new types are introduced, including the Uniband 
type OBP, overband pattern separator for suspending 
over existing conveyors or chutes, and the Unifeeder 
type MHP magnetic separator, which is claimed to have 
three times the strength of a magnetic pulley or drum of 
equal size. Both these models give an entirely automatic 
discharge of all tramp iron. PM 47 contains illustrations 
and brief descriptions of the various models, the prices 
and dimensions being given in PM 48. 

Last month saw the first issue of Hilger Journal, a new 
publication by the Hilger Division of Hilger and Watts 
Ltd., 98, St. Pancras Way, London, N.W.1. Short 
articles are included dealing with fields in which Hilger 
instruments find application, and reference is made to 
changes being made in the various products of the 
company, such as the advent of new instruments, the 
withdrawal of certain models, and the modification of 
others. Reference is made by means of abstracts, to 
recently published papers in the fields of absorptiometry 
and spectroscopy, and the issue concludes with a list 
of forthcoming exhibitions at which Hilger instruments 
will be on show. 


Books Received 


“Titanium and Titanium Alloys.” By John L. 
Everhart. 184 pp., ine. index. New York and London, 
1954. Reinhold Publishing Corporation and Chapman 
& Hall, Ltd. 24s. net. 

“ Electro-Plating and Corrosion Prevention.” Edited 
by E. Molloy. 278 pp., inc. numerous illustrations and 
index. London, 1954. George Newnes, Ltd. 18s. net. 

“ Metallurgy of the Non-Ferrous Metals,” by W. H. 
Dennis. 647 pp. inc. index. London, 1954. Sir Isaac 
Pitman & Sons, Ltd. 70s. net. 

‘“‘ Choosing Electric Cables,” by C. C. Barnes. Mech- 
anical World Monographs—67. 40 pp. Manchester, 
1954. Emmott & Co., Limited. 3s. 6d. net. 


“Modern Aspects of Electrochemistry.” Edited by 
J. O'M. Bockris, with the assistance of B. E. Conway. 
“* Modern Aspects Series of Chemistry—No. 1.’”’ General 
Editor, F. C. Tompkins. 344 pp. inc. index. London, 
1954. Butterworths Scientific Publications. 40s. 


METALLURGIA 








at et 


ee ae 


ta 














— 


ae - 
Gee Madey i aia Secs 














“1 can’t stick this much longer,” 
said the Ancient Briton 


“* Making fire by rubbing two sticks together 
was good enough for my father, but it just 
isn’t good enough for me_ These old-fashioned 
methods never pay. I think I'll stick around 
until the twentieth century and instal an oil- 





fired furnace with the help of Shell-Mex and 
B.P. Ltd. With their technical advice and 
service Ill be able to achieve the tempera- 
ture I want easily—and be able to control it 
accurately, too.” 


CONTROLLED HEAT WITH OIL FUEL 
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PHOTOMICROGRAPHS ON 0.250 PLATES fume . 


The 0.250 ‘Kodak’ Rapid Orthochro- 
matic Metallographic Plate is the chosen 
sensitised material in many big research 
laboratories for photomicrography and 
metallography. It has a fine-grain high- 
contrast emulsion, of high resolving power, 
specially colour-sensitised for these pur- 
poses. The highest sensitivity is in the 
region of maximum visual sensitivity. 
Comparatively little speed is therefore lost 
when a green or yellow filter is used. 


Kodak make a long line of materials for 
photomicrography, metallography, spectro- 
graphy and other branches of applied 
photography. Please let us know your 
particular requirements. 





Copper-cupreous oxide eutectic in Structure of a spot weld nugget in ef | 
chill cast copper. Hil Nimonic 75 etched in 10% Oxalic . 


Acid. 70x approx. 


PLATES 


(Courtesy of De Havilland Aircraft Co. Ltd.) | 





Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 ‘KODAK’ is a registered trade-mark | 


-Nash and Thompson 


METALLURGICAL MOUNTING PRESS 


This Press is for the quick mounting of metallurgical 
specimens in thermo or thermosetting plastic to facilitate 
polishing and etching for subsequent metallographic 
examination. It is available in 1”, 1}”, 13”, and 2” dia- 
meters and will mould up to 14” in depth, The cylinder is 
electrically heated and provision is made for water cooling. 
A specimen may be mounted in ten minutes. 














ELECTROLYTIC POLISHER 

The newly developed Electrolytic Polisher is a useful 
partner to the Mounting Press. This instrument polishes 
specimens by the electrolytic removal of the surface layer, 
and in this way avoids any possibility of deformation of the 
grain structure such as is evident in specimens polished by 
the more usual physical methods, The working range of 
the instrument is o — 70 volts at a maximum current of 
5 amps., and the current is smooth to within 1%. A 
retractable stirrer is provided, and simple controls for 
adjusting working voltage and stirrer speed. 





Nash & Thompson will design and make special purpose instru- 
ments to customer’s specification, either singly or in small batches. 


| NASH AND THOMPSON LIMITED 


GAS, ELECTRICAL AND MECHANICAL ENGINEERS + SCIENTIFIC INSTRUMENT MAKERS + CONSULTANTS 





WHG NT/24 | Oakcroft Road, Tolworth, Surrey .« Elmbridge 5252 
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ACCURATE HIGH SPEED TEMPERATURE RECORDING 


Ether Electronically Operated High-Speed 
Potentiometer Recorder, type WSP/E. Also 
supplied as accurate Recording-Controller 
for High-Low, Multi-stage or Proportional 










women ETHER 
WIDE-STRIP 


CAE CALCHEC 
POTENTIOMETER RECORDER 


















The Ether Electronic Potentiometer Recorder, type WSP/E, 
is a direct writing pen recorder with a speed across the chart 
for as little as 24"seconds, with chart speeds up to 360” per hour. 
It can be calibrated to measure D.C. down to 10 M/V with an 
accuracy of 0.1%. Also suitable for A.C. or D.C. Balanced 
Bridge circuits. 


Control. Send for list WSP.552. The instrument will record and indicate temperatures with the 
highest accuracy and speed and is suitable for recording molten 


metal temperatures. 


TYBURN ROAD, ERDINGTON 


ETHER LT s BIRMINGHAM 24 telephone: EASt 0276-7 


PIONEERS OF INDUSTRIAL ELECTRONICS 
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Model No. T42B3 


This 50 ton multi-capacity Self- 
Indicating Universal Testing Machine 
embodies many outstanding develop- 
ments. The load is accurately measured 
through knife-edged weighing levers 
and all controls are conveniently 
grouped so that operators find this 
machine a pleasure to handle. 

The new 28PH Autographic Stress- 
Strain Recorder is a _ considerable 
advance on the general methods for the 
production of graphs showing the 
behaviour of the specimen under test. 
The high magnification Patent Mech- 
anical Extensometer operates direct 
from the specimen. 

No. 36 Load Pacing Disc with an 
infinitely variable range of speeds 
on any capacity range can be fitted 
where it is desired to load at a constant 
rate. 


May we send you further details ? 


SAML. DENISON & SON LTD. 

HUNSLET FOUNDRY, MOOR ROAD, LEEDS 10 

Phone: Leeds 75488. Grams: “Weigh, Leeds 10” 

London Office : Terminal House, 52, Grosvenor Gardens, Londen, S.W.1. 
Phone: SLOane 4628. Grams: Denwatest, Sowest, London 


Midlands Office: White House. 111, New Street, Birmingham, 2 
Phone: Midland 3931. Grams: “Weigh, Birmingham” 





Established rst January, 1820 
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Non-destructive methods of testing steels and other 
engineering materials offer the only means of determining 
some attributes of the actual component to be used instead 
of those of a “‘representative’’ specimen. 

A case in point is the testing for internal flaws which 
could seriously weaken vital stressed parts such as gas 
turbine discs and blades or high-pressure steel castings, or 
could cause the scrapping of costly dies. 

Radiography, enabling one to “‘take a look inside’, 
is a most valuable means of detecting unsoundness and is 
depicted here applied both by the techniques of X-rays 
and of gamma rays. The latter, which are more penetrative 
and thus permit deeper examination, are emitted by a 
**seed’”’ of radon, a natural derivative of radium, or by a 
fragment of cobalt, an artificial product from the 
atomic pile. 
































This is the sixth in a series 
of illustrations of highly spec- 
ialised equipment devised to 
control the production and 
testing of special 
steels by 
William Jessop 
& Sons Ltd. 


WILLIAM JESSOP & SONS LTD 
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Founded 1774 


STEELMAKERS, 


SHEFFIELD 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL - 


PHYSICAL - 


METALLOGRAPHIC 


INSTRUMENTS AND MATERIALS 


DECEMBER, 1954 


Vol. L, No. 302 


B.I.S.R.A.’s Eighth Chemists’ Conference 


Progress in Analytical Techniques Discussed 


Each year analysts interested in the analysis of iron and steel and materials associated 
with their manufacture are invited to a conference organised by the British Iron and Steel 
Research Association to discuss completed, current and future projects of the Methods 


of Analysis Committee. 


A brief account of the proceedings at the eighth of these meetings 


is presented here. 


HE Metallurgy Division of the British Iron and 
i i Steel Research Association held its Eighth 

Chemists’ Conference at The Hayes, Swanwick, 
near Derby, on October 12th and 13th. Temporary 
indisposition prevented Dr. E. Grecory of Edgar 
Allen & Co., Ltd., who is Chairman of the Methods of 
Analysis Committee of B.I.S.R.A., from acting as 
Chairman at this Conference, and in his stead the Chair 
was taken by Mr. B. BacsHaweE of the Brown-Firth 
Research Laboratories. The Conference was attended 
by some 150 people including fifteen members of 
B.LS.R.A. staff. 

As in previous years, most of the papers presented 
dealt with analytical chemistry, although one session 
was devoted to a paper of a different kind—on this 
occasion one bringing together the work of the analyst 
and the metallographer. The speakers and the papers 
they presented were as follows: Mr. R. A. WELLS of 
the Chemical Research Laboratory on “‘ Chromatographic 
Techniques for the Separation of Elements ” ; Mr. H. G. 
SHort of the National Physical Laboratory on “ The 
Analytical Chemistry of Boron”; Mr. L. E. GARDNER 
of Edgar Allen & Co., Ltd., on “‘ The Determination of 
Vanadium in Iron and Steel”’; Mr. C. L. Grayson 
of the English Steel Corporation on ‘‘ The Determination 
of Titanium in Iron and Steel”; Mr. G. Paneer of the 
United Steel Companies, Ltd., on “ The Determination 
of Silica in Blast Furnace Slag and Related Materials ”’ ; 
Mr. A. ArGyLe of the British Cast Iron Research 
Association on “ The Spectrographic Analysis of Slags ” 
and Mr. R. E. Lismer of Lloyds’ Register of Shipping 
on “ The Separation and Identification of Inclusions in 
Steel.” 

Opening the Conference, the Chairman reviewed 
the work done by the Methods of Analysis Committee 
of B.I.8.R.A. and its sub-committees since the last 
Conference was held, and outlined current researches. 
Some of the fruits of the Committee’s work during the 
past year appear in seven papers published in the 
Journal of the Iron and Steel Institute, in two new British 
Standards, B.S. 1121: Parts 30 and 31 (on the 
determination of cobalt and silica respectively), and in 
the revision of other parts of B.S. 1121. 
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Chromatographic Techniques 


Mr. R. A. WeELts then presented his paper on 
chromatographic techniques for the separation of 
elements. He explained that he was not going to 
advocate chromatography as a universal solution to 
every problem of separation, but as a valuable alternative 
to other methods. Numerous methods of separation 
using paper chromatographic techniques have already 
been published, and several of them have been used at 
the Chemical Research Laboratory for determining 
specific metals in rocks and minerals. Little has yet 
been written, however, on the application of these 
methods to the analysis of steels. The techniques 
described by Mr. Wells have been used either for steel 
analysis or for the analysis of minerals, those in the 
second category needing only minor modification for 
steels. The three methods he described were: (i) a 
simple paper strip method: (ii) a more accurate but 
less rapid paper strip method ; and (iii) a cellulose powder 
column procedure. 

The simple paper strip method was developed for deter- 
mining trace metals in soils during geochemical prospect- 
ing; it enables an operator to analyse from 50 to 70 
samples daily. A specially-cut filter paper is used for the 
actual chromatographic separation and after it has been 
“developed” by spraying with rubeanic acid the 
estimation is made by visual comparison with standards. 
At a concentration of 0-1°, an accuracy of 10°, or 
better can be achieved : the lower limit is about 0-005°,.. 
Mr. Wells described how this separation could be used 
for the determination of traces of copper, cobalt, and 
nickel in steel samples. The solutions are prepared in 
hydrochloric acid containing a little nitrie acid. A 
0-01 ml. aliquot sample is placed at the bottom of each 
strip and the spots are dried off at 80°C. for three 
minutes. The dried paper is stood in a beaker containing 
a small quantity of a suitable solvent, such as ethyl 
methyl ketone, until the liquid has diffused to the top 
of the strip. Free acid in the strip is neutralised by 
exposing it to an atmosphere of ammonia and it is then 
sprayed with rubeanic acid. He also gave details of the 
procedures for the determination of niobium, tantalum. 
and aluminium by this method (Fig. 1.) 
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Greater accuracy can be obtained by using a more 
refined paper strip method. The strip of filter paper 
used for the separation is about an inch wide and is 
suspended in a special apparatus or in an ordinary 
measuring cylinder, and the solvent is allowed to flow 
down the strip. After the chromatographic separation, 
the appropriate section of the strip is cut out and the 
metal in it is determined by any suitable method. An 
accuracy of 3°, or better can be attained with this 
technique, which has been applied to the determination 
of copper, nickel, cobalt, niobium, tantalum, aluminium, 
chromium, titanium, molybdenum, vanadium, man- 
ganese, cadmium, and bismuth. It is possible to 
separate nickel, copper, cobalt and manganese simul- 
taneously. 

Strip methods are all essentially micro or semi-micro 
methods. The use of a cellulose powder column, the 
third technique described, enables a separation to be 
performed on a larger scale so that ordinary chemical 
methods can be used for the final determination of the 
metals. Mr. Wells described separations of aluminium 
and of nickel, cobalt, and copper from iron. The method 
can also be used for the determination of niobium, 
tantalum, titanium, and chromium. 


Discussion 

In the discussion on this paper, questions were asked 
on the choice of a suitable solvent for use in a specific 
separation. Mr. Wells explained that it is not possible 
always to use the same liquid because the solvent 
performs different functions in different separations. 
The selection of an appropriate liquid is somewhat 
arbitrary, but a good deal of information is now available 
on the solubilities of inorganic substances in organic 
solvents and the partition coefficient provides some 
guidance. By testing the lower members of various 
homologous series, a suitable compound can usually be 
found. 


Analytical Chemistry of Boron 


Mr. H. G. SHort of the National Physical Laboratory, 
who spoke on the analytical chemistry of boron, began 
by saying that during his student days he had regarded 
boron as one of the “ awkward ” elements, and that his 
subsequent experience had not caused him to change his 
opinion. Because of its size, the boron atom, with three 
electrons available for bond formation, does not form a 
trivalention B*~+, but instead takes up electrons to 
complete a stable configuration of eight electrons in 
the second shell. The formation of co-ordination 
complexes by this mechanism provides the basis for 
most chemical methods for the estimation of boron. 
For the determination of the very small amounts of 
boron present in steels, special colorimetric reagents 
have been developed. These are all aromatic compounds 
characterised by the presence of adjacent hydroxyl 
groups, which provide the required conditions for the 
formation of a complexion with the boron atom. Mr. 
Short discussed the analytical methods based on 
quinalizarin, curcumin, and dianthrimide. Of these 
three reagents, quinalizarin is today the best known 
and most widely used in steelworks. It gives a violet 
coloration with boron and has the great advantage that 
it can be used in the presence of iron, but the colour has 
to be developed in the presence of strong sulphuric 
acid. Another disadvantage of the quinalizarin method 
is that the absorption curve for the boron-quinalizarin 
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complex is not linear; calibration is therefore difficult. 
The method can be used for the determination of amounts 
of from 0-005 to 0-02 mg. of boron, giving an accuracy 
of not more than 0-001% of boron on a | g. sample. 
Quite small amounts of alloying elements interfere ; 
for instance, not more than 1% of chromium should be 
present. 

Circumin forms a red complex with boron. The red 
colour is intensified in the presence of oxalate, with 
which it forms a different complex, soluble in organic 
solvents. The optical density of the curcumin compound 
is about eight times that of the complex which boron 
forms with quinalizarin. Curcumin is therefore much 
more sensitive than quinalizarin, but unfortunately the 
method is affected by many extraneous factors and is 
consequently extremely empirical. The variation in 
results is due in part to the volatility of boric oxide, 
and Mr. Short quoted tests which had been performed. 
Close attention to experimental detail is therefore 
necessary when curcumin is used. It is also necessary 
to remove iron. 

The dianthrimide method is also very sensitive, but 
its chief disadvantage is that the blue complex is formed 
slowly even at elevated temperatures : for example 

after 5 hours heating at 80°C. 
after 3 hours heating at 90°C. 
after 1} hours heating at 105° C. 

At 110°C. the reagent chars. The temperature at 
which the reaction takes place is therefore rather critical. 
For the most accurate results, three hours heating at 90° 
or 95° C. is the best procedure ; at 105° C. it is necessary 
to compare each determination with a known standard. 
The solution has to be concentrated to small bulk for 
the colorimetric test. 

Experimental data were presented by Mr. Short to 
show that it is not safe to assume that no loss of boron 
occurs during the evaporation of alkaline solutions. 
The use of stoppered bottles prevents any loss by 
evaporation from the heated acid solution. As dian- 
thrimide is very sensitive to the effect of oxidising agents, 
it is again necessary to remove most metals from solution. 
Separation by mercury cathode electrolysis would 
eliminate the need for subsequent evaporation and the 
resultant loss of boron, but unfortunately vanadium 
remains behind and interferes with the reaction. Ion 
exchange resins can also be used, but chromium passes 
through the column. 

Mr. Short then went on to consider spectrographic 
methods for the determination of boron. Here, the 
pressing need is for standards. The volatility of boron 
gives the advantage that the vapour is enriched with 
the element, but at the same time it makes reproducible 
results harder to achieve. The boron lines are near 
those of iron, and the sensitivity is therefore limited to 
0-001°%, under normal conditions. If the iron back- 
ground is reduced by using only the area near the anode, 
the sensitivity can be increased to 0-0006°%,. In the 
United States an accuracy of 4% has been claimed at 
this level, using high-voltage A.C. ares. Hollow electrodes 
filled with sodium sulphite have also been used in 
America to reduce the iron background and increase 
the sensitivity of the method. 

Finally, Mr. Short pointed out that spectrographic 
methods give values for total boron but do not differen- 
tiate between soluble and insoluble boron. A _ purely 
chemical method of comparable speed and accuracy is 
not easily visualised, and spectrography is likely to 
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Fig. 2.—The chromatographic separation of niobium 


remain the most rapid and accurate method for the 
determination of boron in steels. 
Discussion 

The first speaker in the discussion referred to a report 
in a post-war German publication on the use of media 
other than concentrated sulphuric acid for the quina- 
lizarin test. One of these was strong calcium chloride 
solution. He asked Mr. Short whether preventing 
hydrolysis by the elimination of water would ensure 
colour development, and if so whether other media 
might be better than sulphuric acid. The use of an 
anhydrous medium would eliminate the need for 
evaporating the solution. Mr. Short replied that he 
regarded the reactions primarily as_ esterification 
reactions. Trials had been made with phosphoric acid 
in place of sulphuric acid, but he could see no advantage 
in using phosphoric acid. The N.P.L. had not examined 
other dehydrating agents. 

Mr. Short was asked whether he had any experience 
of working in reduced solution without eliminating the 
iron. In the ensuing discussion on this point, he 
referred to a dianthrimide method for use in the presence 
of ferrous iron, details of which had been given to the 
Sub-Committee. Mr. Short was then told that using 
a modification of this method, reproducible figures had 
since been obtained at concentrations of 0-0015% boron. 
A lower limit of 0-001% and an accuracy of + 0-0005% 
of boron were claimed. He said that he thought that 
this modified method would be worthy of publication. 

Mr. Short was next questioned about the loss of boron 
which occurs when solutions of boric acid are evaporated; 
the fact that the results were reproducible suggested 
to the speaker that some explanation other than 
mechanical loss might be valid. To this, Mr. Short 
replied that the results he had quoted were all obtained 
in the same laboratory under carefully controlled 
conditions, which ensured that the reproducibility was 
much greater than that between two or more laboratories. 
The loss would be reproducible, if not quantitatively, 
then at least approximately ; by carefully duplicating 
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the conditions, the same wrong answer could be obtained 
again and again. The obvious explanation was that 
boron was lost during the evaporation, but it seemed 
almost certain that the loss was chemical. It was 
nevertheless possible that some purely physical cause 
had been overlooked. 


Determination of Vanadium 


Three shorter contributions on methods of analysis 
followed. Mr. L. E. Garpner of Edgar Allen & Co., 
Ltd., presented a paper on the determination of vanadium 
in iron and steel. 

The method proposed in Mr. Gardner’s paper is similar 
in principle to those which have already been issued for 
low alloy steels and for ferro-vanadium (B.S. 1121: 
Parts 25 and 27). Some modifications are necessary for 
the analysis of high alloy steels, for instance the use of 
hydrofluoric acid instead of phosphoric acid for 
complexing tungsten. When the original method was 
applied to standard alloy steels, high results were 
obtained ; three possible sources of error were (i) the 
addition of phosphoric acid; (ii) the use of back 
titration; and (iii) inaccuracy in the assessment of 
blank values. The addition of phosphoric acid was 
omitted and the hydrofluoric acid addition was corres- 
pondingly increased; this resulted in a considerable 
improvement in the end-point. Back titration is rather 
sluggish, and direct titration was therefore substituted. 

During the trials, different ‘ blank” values were 
found for different batches of the barium diphenylamine 
sulphonate indicator, and to remove this variation it 
was necessary to oxidise the indicator before use. The 
use of this pre-oxidised indicator, together with the 
other changes mentioned above, gave negligible blank 
values. 

It has been shown that it is possible to volatilize most 
of the chromium in steels of high chromium and low 
vanadium content as chromy] chloride before the titration 
without any significant loss of vanadium. If the 
vanadium content is very low and the sample weight is 
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limited by the high alloy content, a preliminary mercury 
cathode separation is recommended. 
Discussion 

During the ensuing discussion, Mr. Gardner, asked 
about the relative merits of hydrofluoric and phosphoric 
acids and the possibility of using sodium fluoride as an 
alternative to the acid, explained that a large excess 
of hydrofluoric acid was required, but that sodium 
fluoride had been tried with some success. Potassium 
fluoride was recommended as a safe alternative by 
another speaker. Replying to a further question, Mr. 
Gardner said that a cupferron precipitation had been 
used, but had given low results. 


Determination of Titanium 


Mr. C. L. Grayson of the English Steel Corporation 
introduced his paper on the determination of titanium 
in iron and steel by explaining that the investigation 
was still in the preliminary stage, and that a method 
for determining titanium both rapidly and accurately 
had still to be evolved. 

Titanium, although discovered as long ago as 1791, 
was not used industrially until 1900, first to remove gases 
from molten steel, and later as an alloying element. 
It now finds use as a carbide stabilizer in austenitic steels. 

A review of the literature revealed that known 
methods for the determination of titanium could be 
placed in three groups, viz. gravimetric, volumetric, and 
colorimetric methods. In the gravimetric methods, the 
metal is always weighed as the dioxide, TiO,. The 
volumetric methods depend on reducing quadrivalent 
Ti** in sulphuric acid solution to trivalent Ti®* in a 
Jones’ reductor; the percentage of titanium is then 
calculated from the amount of reduction which has 
taken place. Several colorimetric reagents are available 
for the estimation of the metal. 

For the determination of titanium in pig iron, a 
straightforward colorimetric procedure is adequate. 
This procedure can also be used for carbon steels and 
some low alloy steels. B.S. 1121: Part 17 (prepared by 
the Permanent Magnet Association) gives two methods. 
These procedures could be extended to most low alloy 
and some high alloy steels. The Sub-Committee there- 
fore concentrated on procedures which included a 
preliminary separation. It was also necessary to make 
allowance for vanadium. The procedure at which they 
arrived is as follows : 

The sample is dissolved in sulphuric acid, and ammonia 
is added to reduce iron to the ferrous and vanadium to 
the vanadyl state. When reduction is complete, the 
solution is cooled and cupferron is added to precipitate 
the titanium, together with some of the iron and 
vanadium. The solution is filtered, and the precipitate 
ignited and fused with sodium carbonate to separate 
the vanadium from the titanium and iron. The fused 
mass is extracted with water, and after being digested 
for 30 minutes the precipitate is filtered off and ignited. 
It is then fused with potassium bisulphate and extracted 
in a mixture of sulphuric and tartaric acids. Titanium 
is finally estimated either by the hydrogen peroxide 
colour reaction or, if the amount present is large, by a 
gravimetric method. Phosphoric acid is used to prevent 
interference from iron in the colorimetric procedure. 
Discussion 

The discussion on this paper brought out the impor- 
tance of adding an adequate amount of the cupferron 
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reagent. Unless some iron is precipitated as well, the 
precipitation of titanium is not complete, nor will the 
precipitated titanium be insoluble after the sodium 
carbonate fusion. 

There was considerable discussion on possible means 
of shortening the procedure and thus increasing the 
value of the method for routine analysis. Colorimetric 
methods using Perspex cells, the use of a mercury cathode 
separation to remove iron, the use of spectrophotometry 
with a direct peroxide method, and the extraction of the 
titanium-cupferron complex under controlled pH with 
organic solvents were among the possibilities mentioned 
by various speakers. Of these, only the last-named 
(which has not yet been examined by the Sub-Committee) 
holds much promise. A mercury-cathode separation 
would remove iron, but vanadium would remain in the 
solution ; the overlap of the curves for titanium and 
vanadium leaves two simultaneous equations to be 
solved before the titanium content can be measured by 
spectrophotometry. 

Determination of Silica in Slags 

Mr. G. Paneer, of the United Steel Companies, next 
presented a paper on the determination of silica in blast 
furnace slags and related materials. 

A survey of the literature showed that in most methods 
for the determination of silica in blast furnace slags the 
sample was dissolved in hydrochloric acid, the solution 
dehydrated and the dried and baked residue treated with 
dilute hydrochloric acid. The problem finally resolved 
itself into a comparison of two practicable methods for 
the dehydration of silicic acid. Sulphuric acid could be 
used, but was eliminated because large amounts of 
insoluble calcium sulphate would be formed from the 
calcium present in blast furnace slags. 

Acetic anhydride was found to be quite unsuitable, 
and nitric acid gave unsatisfactory results. Experimental 
work showed that dehydration with hydrochloric acid 
did not give complete recovery of the silica because a 
large and variable proportion of the silica passed into 
the filtrate. As perchloric acid had been used with 
success in the determination of silica in steel, it was 
tried as a direct dehydrating agent for silica in slag. 
Perchloric acid was found to be eminently satisfactory ; 
acceptable results were obtained with a single dehydra- 
tion, and complete recovery with a second evaporation. 
A recommended method has been issued which uses 
dehydration with perchloric acid preceded by a sodium 
sarbonate fusion; the final filtrate can be used for the 
determination of iron, aluminium, titanium, etc., by the 
usual scheme for silicate analysis. 

When this investigation into the determination of 
silica in blast furnace slags was completed, it was 
decided to extend the application of the method to 
other materials. The standard method was applied to 
Kiruna and Northamptonshire iron ores, acid and basic 
open hearth slags, sinter, bauxite, and semi-silica bricks ; 
in fact, all these materials except the acid open hearth 
slag dissolved in hydrochloric acid without need for 
fusion. A sodium peroxide fusion was found necessary 
for satisfactory decomposition of chrome-magnesite 
brick. Difficulties were encountered with sillimanite, 
zircon, and aluminous bricks. Fusion with mixtures of 
sodium carbonate and borax showed promise, but the 
residues were always contaminated with boron, and the 
samples often had to be ground very finely, with the 
risk of contamination from the pestle and mortar. 
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It is evident that major modifications of the standard 
method will be required for the analysis of these chromium- 
rich, alumina-rich, and zirconia-bearing refractories. 


Discussion 


In the discussion which followed, Mr. Padget was 
asked how approximate were the results obtained when 
a single dehydration by perchloric acid was used. He 
replied that not more than 1°; of the silica is left in the 
filtrate ; at the 30° level, the difference is less than 
0-5%. A single dehydration can therefore give results 
which are adequate for most routine work. To a 
suggestion that the sinter method of decomposition 
flowed by solution in hydrochloric acid might be 
simpler, Mr. Padget replied that the use of smaller 
quantities would involve larger errors, to which the 
Chairman added that perchloric acid had been proved 
the more efficient and superior dehydrating agent. 
Wilson’s silico-molybdate volumetric procedure was 
referred to by another speaker, to whom Mr. Padget 
replied that it had been used with success on synthetic 
mixtures composed of quartz and sodium carbonate, 
but that no success had been found in attempts to use it 
for the analysis of ceramic materials. Mr. Padget was 
also asked how the residues from hydrochloric acid and 
perchloric acid dehydrations compared with each other. 
He said that there was little difference between them, 
except that titanium, if present, tended to contaminate 
the hydrochloric acid residue. 


Spectrographic Analysis of Slags 

Mr. A. ArGyLe of the British Cast Iron Research 
Association next presented a paper on the spectrographic 
analysis of slags. He began by expressing disappointment 
that a method of the required accuracy (to within +3°,) 
and speed (half-an-hour or less) had not yet been achieved. 

The Slag Analysis Study Group began work in 1952 
by examining the pelleting technique previously 
developed by the B.C.I.R.A. The calibration graphs 
obtained were disappointing, and although some of the 
causes of variation were removed, the fused melt could 
not be made sufficiently homogeneous to enable good 
calibration graphs to be obtained. The pelleting 
technique is, moreover, too time-consuming for routine 
use. 

The method of introducing the slag into the discharge 
which was next examined was to tip the graphite 
electrode by dipping it in a fused mixture of slag, sodium 
carbonate, and borax. More consistent results and 
reasonable calibration graphs were obtained by this 
method, but it soon became apparent that the calibration 
curves could “ drift’ from day to day and that they 
would be useless unless known standards were included 
with every analysis. The drift was thought to be caused 
by selective distillation of the fusion tip, and electrodes 
with machined ends 0-1 in. in diameter were used in a 
further series of tests. An improvement resulted but the 
reproducibility was no better than + 5-10°, and the 
drift was not eliminated. The factor limiting improved 
reproducibility was now the homogeneity of the fused 
mixture. Chemical and spectrographic evidence showed 
that calcium borate would be segregated, and it was 
found that the proportion of borax could not be reduced 
sufficiently to prevent this occurring. 

The use of niobium pentoxide in place of cobalt oxide 
as an internal standard shows promise of improved 
reproducibility in the determination of calcium, but 
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results adequate for routine analysis have not yet been 
obtained. 

If good enough results cannot be obtained by the 
modification of existing dry techniques, then solution 
methods will be examined, but these methods, although 
reliable, are too slow for routine operation. It is for 
this reason that the Study Group has until now confined 
its investigation to the more rapid dry techniques. 


Discussion 

In the discussion which followed, Mr. Argyle was 
asked about the claims recently made in the United 
States for a method using a D.C. are. He replied that 
the Study Group had examined the method, but that 
in their opinion these claims were over-optimistic. The 
Sub-Committee would shortly be examining in detail 
the recent American booklet on spectrography and 
would no doubt report on their conclusions. 

There was considerable discussion on the problem of 
obtaining a fusion in a uniform chemical and physical 
state. One speaker emphasised that the difficulty was 
essentially a chemical one and would not easily be 
resolved. Another speaker attributed the lack of success 
to the attempt to find a universal method suitable for 
all slags. Mr. Argyle replied that the problem had been 
studied with the help of the Chemistry Department of 


B.IL.S.R.A. The Study Group was wiser for having 
examined the method. They had set out to find a 
general method which could be used by works 


spectrographers for the analysis of any type of slag, but 
itnow seemed evident that this was too ambitious an 
aim. 


Inclusions in Steel 

The final session of the conference was devoted to the 
presentation and discussion of a paper on the separation 
and identification of inclusions in steel by Mr. R. E. 
LisMER of Lloyds’ Register of Shipping. 

At the present time, the most widely used techniques 
employ halogens, or electrolytic isolation in acid salt 
solutions, to separate the inclusions from the steel 
matrix. The halogen methods have been extensively 
studied and give good results with low and high carbon 
steels and many alloy steels. 

The iodine method was first known as the “ residue 
method.”’ There are difficulties with phosphorus and 
alloy carbides, particularly in the determination of 
iron and manganese. Hydrolysis can be reduced by 
using water-free alcoholic solutions instead of aqueous 
solutions, at low temperature and in a_ nitrogen 
atmosphere. 

In the chlorine method, the steel sample is heated in 
the gas for up to four hours so that the iron and other 
metals are volatilized and removed in the gas stream. 
This method is suitable for the determination of the 
more stable oxides, silica, and alumina. 

A solution of bromine in water is satisfactory for the 
separation of relatively stable compounds such as silica, 
alumina, slag inclusions, and alloy carbides. A solution 
of bromine in an aliphatic ester can be used to dissolve 
metal bromides, leaving carbon, nitrides, oxides, alloy 
carbides, and sulphides. 

Methods for the analysis of the residues from the halogen 
separation are all very similar. Silica is determined 
directly by the loss in weight on volatilization with 
hydrotiuorie acid. Cupferron is used to precipitate the 
Group III oxides from the residues, and iron and titanium 
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Fig. 2.—-Iron oxide and iron silicate inclusions. 
Top left.—Wustite globule containing an inner metallic particle. x 1000 
Top centre.—Wustite globule showing coring. x 1000 
Top right.—Duplex giobule consisting of wustite and wustite—fayalite etectic. x 2000 O.1. 
Bottom left.—Duplex inclusion showing both eutectic and degenerate eutectic. x 2500 O.1. 
Bottom centre.—Duplex inclusions showing wustite and degenerate eutectic. x 2000 O.I. 
Bottom right.—Dumb-bell-shaped duplex inclusion of wustite and fayalite. x 2000 O.1. 


can then be determined colorimetrically, and zirconium 
gravimetrically (as zirconium phosphate). Aluminium 
and chromium are determined from the filtrates and 
washings from Group III. Aluminium is precipitated 
with hydroxyquinoline and estimated colorimetrically 
using ““aluminon ” reagent ; chromium is precipitated 
with ammonium hydroxide and determined colorimet- 
ricaily with diphenylearbazide. Manganese is pre- 
cipitated from the remaining filtrate and washings and 
determined gravimetrically (as Mn,O,), volumetrically 
(by the bismuthate method), or colorimetrically (by the 
potassium periodate method). 

Separations by electrolytic methods have the 
advantage that the metal salts are not hydrolysed, nor 
are the less stable oxides or sulphides decomposed or 
contaminated. The solid steel specimen is made the 
anode of an electrolytic cell and the pH value, current 
density, and temperature are adjusted to dissolve the 
metal without decomposing the inclusions. Typical 
electrolytes used are solutions of iron, sodium and 
potassium sulphates in water, with citric or dilute 
inorganic acids. With these, all the oxides, sulphides, 
and the more stable carbides can be separated from 
carbon and alloy steels. The residues are recovered by 
filtration or with a centrifuge. 
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A third method of separation is by fractional vacuum 
fusion. This makes use of the fact that the different 
oxides in non-metallic inclusions can be reduced by carbon 
on heating in vacuo. Except for the MnO fraction, the 
agreement between the fractional] vacuum fusion and the 
residue methods is as good as that among the residue 
methods themselves. The MnO fraction is higher than 
that from residue separation methods. 

Mr. Lismer then went on to discuss the identification of 
inclusions. The difficulties which are encountered in micro- 
scopy are due mainly to poor polishing technique (Fig. 2), 
and also to the fact that the rate at which constituents 
are etched cannot be observed; some may become 
dislodged and it is then difficult to assess how much the 
non-metallic particles have been attacked. Mr. Lismer 
recommended that the polishing technique should be 
suited to the person concerned but standardised by each 
individual in order to give uniform and comparable 
results. 

Discussion 

Dr. M. L. Becker, Head of the Metallurgy Division 
of B.I.S.R.A. opened the discussion by referring to the 
tendency of engineers to attribute failures, especially of 
heat-treated alloy steels, to the presence of non-metallic 
inclusions. If inclusions did affect the mechanical 
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properties of steels, then the fatigue properties should be 
affected more than any others. This had been intensively 
studied by what was now known as the Fatigue and 
Inclusions Committee and later in the B.I.S.R.A. 
laboratories, but the effect of the presence of inclusions 
on fatigue properties was found to be negligible for all 
steels except those which had been heat-treated to give 
a tensile strength of 100 tons/sq.in. or more. Even here 
there was a suspicion that some other factor might be 
responsible. 

Another speaker enlarged on what Mr. Lismer had 
said about the electrolytic extraction technique. In 
his view, the latest development was really a double 
procedure, using electrolytic extraction followed by a 
chlorination treatment. The old chlorine method was 
extremely exothermic; the whole of the iron was 


volatilized as chloride and the temperature could not be 
controlled. This latest method enabled the bulk of the 
steel to be separated electrolytically and the residue to 
be further purified by selective volatilisation of various 
constituents during chlorination. 

A plea was made for the standardisation of methods of 
separating inclusions. The view expressed was that at 
present each metallographer believes in his own method 
and probably in no-one else’s. If the chemists could 
solve the problems of extracting inclusions and devise a 
sound method they would perform a very real service 
to the metallographer. This suggestion received 
substantial support and Dr. Becker promised that it 
would be considered by B.I.S.R.A. 

It was decided by a majority vote that the Conference 
should be held at the same centre next year. 





Practical Applications of a System of Metallographic 
Polishing Using Diamond Abrasives 
By L. E. Samuels, B.Met.E., and M. Hatherly, A.S.T.C. 


Defence Standards Laboratories, N.S.W. Branch, Alexandria, Sydney, Australia 


The advantages are described of an improved system of mechanical polishing, based on 


the 


USE 


of diamond abrasives, for the routine preparation of ferrous, aluminium, 


magnesium and copper alloys. 


NE of the authors! has recently described a system 
of mechanical polishing of metallographic speci- 
mens using diamond abrasives. The conditions 

of use of the diamond abrasive have been specifically 
chosen so that the abrasive costs are sufficiently low for 
the system to be used for routine metallography. These 
requirements imposed some restrictions on the use of 
diamond abrasives and necessitated the development of 
a cast alumina-wax lap, the purpose of which is to 
produce a finish of sufficient quality to permit rapid 
handling on the diamond pads. The stages of the basic 
system, each of which is described in detail in the 
original publication, are as follows : 
1. Abrasive Papers. 

Silicon carbide waterproof papers ; hand operated 

with flowing water lubricant. 


(la) 220-mesh grade. 
(1b) 400-mesh grade. 


te 


Abrasive Lap. 
Cast alumina-wax lap ; hand operated dry. 


3. Rough Polishing. 
Paste impregnated with diamond abrasive on 
napped cloth; kerosene lubricant. Hand or 
preferably machine operated. 
(3a) Coarse Stage ; 4 to 8» grade (optional). 
(3b) Fine Stage; 0 to I uw grade. 

4. Finish Polishing. 


Calcined magnesium oxide paste on a Selvyt cloth. 
Hand or machine operated. 

The treatment of different types of specimen differs 
only at the finish-polishing stage (stage 4), and brief 
details will therefore be given of suitable finishing 
treatments for each group of alloys. The major develop- 
ment in finish polishing has arisen from the realization 
that the main source of fine scratches on specimens of 
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soft low-melting-point metals is the polishing cloth 
itself. A technique has been developed, referred to as the 
‘ skidding ” method, in which the specimen is polished 
with light pressure on a packed bed of a thick paste 
of calcined magnesium oxide such that it does not 
touch the cloth. The standard method of finish polishing 
in which the magnesium oxide is used as a thin slurry 
will be referred to as the “‘ normal ”’ method. 


It will be noted that the system differs from classical 
polishing methods in two important respects. Firstly, 
the usual series of fine emery papers is replaced by 
relatively coarse silicon carbide papers and a fixed- 
abrasive lap. Secondly, the abrasion stages are followed 
by a rough-polishing stage, the essential purpose of 
which is to establish a flat, deformation-free surface 
which is only lightly scratched. Only when this has 
been achieved is an attempt made to obtain a scratch- 
free surface, i.e. a final “ polish.” 

A number of authors** have previously drawn 
attention to the advantages of diamond abrasives in 
preparing special types of specimens, particularly those 
which are very difficult, or impossible, to prepare with 
other abrasives. Many of these advantages can, of 
course, be realized with the new system. The purpose 
of the present paper is to point out the improvements 
which can be achieved in the preparation of the normal 
run of specimens in routine metallography ; the examples 
are therefore confined to ferrous materials, aluminium, 
magnesium and copper alloys. It will be noted that the 
improvements result primarily from the absence of 
appreciable deformation in the polished surface, the 
excellent retention of non-metallic constituents and 
inclusions, and the high degree of flatness of the surface. 


A most important additional improvement, common 
to all types of specimen, is the speed of the process, the 
total time of preparation to the end of the diamond 
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Fig. 1.—-Fine lamellar pearlite, first etch in picral. 
x 1500 
abrasive stages rarely exceeding five minutes. Further- 


more, since the surface produced on the diamond abrasive 
pads is only very lightly scratched, the finish-polishing 
treatment need only be very brief. Finish polishing on 
a magnesium-oxide pad by the normal method usually 
takes a .urther one or two minutes; at the most, a 
further five minutes is required when finishing is done 
by the skidding method. 


Ferrous Materials 

The majority of ferrous specimens are in a satistactory 
condition for visual examination at the end of the 
diamond abrasive stages. For photomicrography, 
however, it is usually desirable to give the specimens a 
brief treatment on a normal magnesium-oxide pad, and 
all the illustrations in this paper are of specimens finished 
in this way. Since this is the most important group of 
routine specimens, the improvements resulting from the 
use of the diamond abrasives will be discussed in some 
detail. 
Freedom of Polished Surface from Deformation 

Vilella? * and his co-workers have frequently drawn 
attention to the artifacts which can be produced in 
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Fig. 2.—-Wrought iron, nital etch. x 250 
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ferrous specimens as a result of surface deformation 
during mechanical polishing. The most important 
cases are the distortion of lamellar pearlite, the rough 
appearance of ferrite, and the deformation artifacts in 
austenitic stainless steels. These effects have been 
removed in previous polishing systems by a somewhat 
laborious process of alternate polishing and etching 
treatments at the finish-polishing stage. The artifacts 
in austenitic stainless steels, however, are so troublesome 
and difficult to remove by this process that Vilella?-* 
has recommended electrolytic polishing as being virtually 
essential for such specimens. 

Difficulties of this type are not encountered with the 
present system, and specimens of all types can readily be 
prepared so as to be free from polishing artifacts after 
the first etch. The pearlite in Figs. 1 and 4, the ferrite 
of Fig. 2, and the austenite of Fig. 3a, for example, are 
completely free from any evidence of disturbance ; 
each of these specimens was etched only once before 
being photographed. 

The sensitivity of austenitic stainless steels to polishing 
artifacts enables a clear demonstration of the origin 
of the defects. If a specimen, which has been prepared 
so as to be free from artifacts as in Fig. 3a, is subsequently 
given a unidirectional abrasion on the cast alumina-wax 
lap and is then repolished in the usual way except that 
the treatment on the diamond pads is made very brief, 
the characteristic artifacts are developed by etching. 
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Fig. 3.—Austenitic stainless steel, aqua regia-glycerol 
etch. (a).—correct polish ; (b).—incorrect polish showing 
artifacts. x 250 


These artifacts are aligned in the direction of, and are 
clearly remnant from, the previous wax lap scratches 
(see Fig. 36.) A further polishing treatment of normal 
duration on the diamond pads rapidly removes all 
evidence of the artifacts, thus establishing that the 
major surface disturbance occurs during the preliminary 
abrasion stages. This disturbance is likely to be of 
some depth, which indicates why attempts to remove 
gross artifacts at finish-polishing stages are frequently 
unsuccessful. 

The correct procedure is to make certain that deforma- 
tion inherent in the preliminary abrasive stages is 
completely removed in the first diamond polishing stage. 
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If artifacts are present in the finished specimen, it is clear 
that the treatment in the rough-polishing stage has been 
inadequate, and the specimen should be returned to this 
(and not the finish-polishing) stage. The polishing rates 
at this stage are so high that a few minutes polishing 
should suffice. When there is any doubt as to whether 
a feature is real or an artifact, this cycle should be 
repeated until constant results are obtained. 

These considerations also apply to electrolytic polishing 
methods. Since the rates of electrolytic polishing are 
frequently less than those on the diamond-abrasive 
pads,’ considerably longer periods of polishing may be 
necessary to remove the deformed layer. 





x 500 


Fig. 4.—-Grey cast iron, picral etch. 


Retention of Non-Metallic Inclusions 

Several polishing systems devised in the past are 
capable of giving excellent retention of non-metallic 
inclusions, but special precautions are usually required. 
The distinguishing feature of the present method is that 
exceptionally good retention of non-metallic inclusions 
is obtained consistently on all types of specimen as a 
standard routine; no variations in procedure are 
necessary at any stage. 

Typical examples of the retention of non-metallic 
inclusions in wrought iron, cast iron and steel are shown 
in Figs. 2, 4 and 5 respectively. Attention is drawn 
particularly to Fig. 5a, which shows two large angular 
alumina inclusions enveloped by a silicate stringer ; 
the surface of these inclusions is flat and well polished, 
a condition which is impossible to achieve with abrasives 
other than diamond. Since using this polishing method 
in routine metallography, it has been noted that small 
angular alumina inclusions, usually associated with a 
partly enveloping silicate stringer, are almost invariably 
present in commercial aluminium-treated steels (see 
Fig. 5b). Such inclusions are detected only when a very 
good quality of polish has been obtained. The presence 
of small alumina inclusions may therefore be more 
widespread than previously thought. 


Retention of Graphite in Cast Irons 

Woodside and Blackett? have previously noted the 
value of diamond abrasives in retaining graphite in 
The present work has confirmed this 


cast iron. 
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Fig. 5.—Alumina inclusions in steel: (a) (top)—large 

inclusions ; (b) (bottom )—small inclusion, typical of com- 

mercial aluminium-treated steels. The alumina inclusions 
are enclosed in silicate envelopes. x 500 


conclusion, good retention of graphite being obtained 
in the majority of commercial grey cast irons (see Fig. 4). 

There are, however, some limitations to the method 
in that the nodules of blackheart malleable iron, very 
coarse flake graphite, and, to a lesser extent, the nodules 
of spherulitic irons are not satisfactorily retained. The 
graphite can be adequately retained at the abrasive-wax 
lap stage but tends to be pulled out by the nap of the 
cloth used for the diamond abrasive pads. The prepara- 
tion of such specimens requires special precautions 
which will be discussed in a future publication. 
The Preservation of Edges and Prevention of Relief 

For most purposes, no special precautions are required 
for the preservation of edges on specimens mounted in 
plastic. Some rounding is unavoidable with napped 
cloths, and when edges are required for critical examina- 
tion, it may be necessary to employ a napiess cloth such 
as heavy cotton drill for the diamond polishing pads.* 
An example of a specimen prepared by the latter 








* A paper describing the method of using such a cloth is in preparation. 





Fig. 6.—Inner surface of boiler tube, picral etch. Note 
preservation of the edge and retention of surface 





scale. Specimen polished on a napless cloth but without 
any other special precautions. x 1 
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Fig. 7.- -Transverse section of hot-dipped tinplate, 
nital etch. Specimen has been flash-coppered and then 
iron-plated. x 2000 


method is shown in Fig. 6; the preservation of the 
edge of this specimen is at least equal to that obtained 
by Vilella? by the use of a steel mounting clamp. It 
will also be noted that the surface corrosion scale has 
been well retained and polished. In general, no difficulty 
is experienced in obtaining full retention of surface 
oxides and scales, and even rust. 

The preparation of composite specimens is also in this 
general category. It has been shown previously! that 
the polishing rates of different materials differ appreciably 
on both the alumina-wax lap and the diamond pads. 
In this regard, it is well to keep in mind that the polishing 
rate is approximately related to the melting point of 
the material and not to its hardness, as is usually 
assumed. The alumina-wax lap, being a rigid block, 
must produce a flat surface under all circumstances. 
In the case of the diamond pads, however, the yielding 
nature of a napped cloth permits differences in level 
to develop. It is inevitable, therefore, that some relief 
will tend to develop even with diamond abrasives when 
extensive areas are present which differ appreciably 
in their polishing rates. 
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Fig. 8.—D.T.D. 424 aluminium-copper-silicon alloy 
casting, etched in 1%, hydrofluoric acid solution. 
Spe x 250 
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The relief is never serious in specimens in which the 
second area is thin and well protected by the backing : 
typical cases of this type are electrodeposited, tinned 
and galvanized coatings. The micrograph shown in 
Fig. 7 of a transverse section of hot-dipped tinplate (a 
specimen which is ordinarily very difficult to prepare) 
is a good indication of the quality of results which can be 
obtained. This micrograph is a considerable improve- 
ment on others of the type previously published.>* 
The results obtained with specimens of electrodeposited 
and galvanized coatings are, as might be expected, equally 
satisfactory and of similar quality to those illustrated 
by Perryman. 

The types of specimen with which difficulty is 
experienced are those containing large areas of dis- 
similar materials, of which steel backed bearings are a 
typical example. The relief can be minimized by the 
use of heavy polishing pressure and a short polishing 
time. Further improvement can be achieved by the 
use of a napless cloth for the diamond polishing pad. 


Light Metals 
Aluminium and Aluminium Alloys 

The majority of aluminium alloys can be satisfactorily 
finish polished by a very brief treatment on a normal 
magnesium-oxide pad. As a typical example, the result 
obtained with D.T.D. 424 aluminium-copper-silicon 
casting alloy is shown in Fig. 8. Many photomicrographs 
of this quality have appeared in the literature, but the 
important point in this case is the short time of prepara- 
tion—-approximately five minutes from abrasive papers 
to microscope. 

Aluminium alloys of low alloy content, commercial- 
purity aluminium, and particularly super-purity alumin- 
ium, scratch badly if finish polished by the normal 
method on a magnesium-oxide pad, and consequently 
must be finished by the skidding method. In this case, 
an important precaution is necessary since severe etch 
pitting may develop when the usual type of copper-alloy 
polishing head is used, apparently as a result of electro- 
lytic effects between the specimen and the polishing 
head. The pitting can often be prevented by fitting a 
thin sheet of an insulating material between the polishing 
head and the polishing cloth ; it is much better, however, 
to attach an aluminium disc to the polishing head with 
wax or to use an aluminium alloy polishing head. 
Further, similar etch pitting occasionally develops on 
specimens finished on the normal magnesium-oxide 
pad, so that these precautions are desirable as a routine 
for all aluminium alloys. 

The success of this finishing technique is well illustrated 
by the micrograph of as-cast super-purity aluminium 
shown in Fig. 9; a scratch-free surface of this nature 
could not be obtained by classical finish-polishing 
methods. A micrograph of the same material in which 
etch pits have been developed by the reagent described 
by Lacombe and Beaujard!® is shown in Fig. 10. It will 
be noted that the pits are quite sharp with straight 
sides, and are equal in these respects to those developed 
on electrolytically polished surfaces by Lacombe and 
Beaujard,'® and by Tucker and Murphy.'!! The work of 
these authors suggests that such results could not be 
obtained unless the polished surface was substantially 
free from deformation. 

The finish polishing of clad aluminium-alloy sheet 
presents a special problem. Reasonably satisfactory 
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results are obtained when finished by the normal method 
on magnesium oxide, but when the cladding is at all 
thick it is desirable to finish by the skidding technique 
in order to prevent noticeable scratching of the cladding. 
In either case, etch pitting is likely to develop as a 
result of electrolytic effects between the cladding and 
the core, even when the polishing head is insulated as 
previously discussed. The etch pitting in the cladding 
is best controlled by making the magnesium-oxide 
paste with distilled water. This is the only material 
for which distilled water has been found necessary in 
the finish-polishing stage. 


Magnesium Alloys 

The usual cast magnesium alloys can be adequately 
finish polished on the normal magnesium-oxide pad. 
Since the major portion of the polishing is carried out 
on diamond pads lubricated with kerosene, very little 
trouble is experienced with attack on the specimen by 
water. It is desirable, however, to take the precaution 
of using distilled water to make the magnesium-oxide 
slurry. A typical example of the results obtained is 
shown in Fig. 11. 


Fig. 9.—-As-cast super-purity aluminium, etched in 1% 


hydrofluoric acid solution. Slightly oblique illumination. 
x 100 


High-purity magnesium must again be finished by the 
skidding method. More trouble is experienced with 
water attack: particularly around inclusions, but the 
results are still quite satisfactory. 


Copper and Copper Alloys 

It is necessary to finish the majority of copper alloys 
by the skidding method if severe scratching by the pad 
is to be avoided. The polishing rate of the skidding 
magnesium-oxide pad is frequently insufficient to 
enable complete removal of the effects of the 0 to 1 » 
grade diamond pad in a reasonable time, and it is usually 
necessary to increase the polishing rate by the use of a 
* polish-attack "* method. The addition of ammonium 
persulphate to the polishing pad is the most satisfactory 
method of achieving this end, but, in order to avoid the 
development of excessive relief, it is desirable to control 
the amount added. The ammonium persulphate is 
best added in solution in the water used to make up 
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Fig. 10.— Etch pits in super-purity aluminium. 
x 1500 


the magnesium-oxide paste ; the concentration required 
differs with the alloy and final etch, ranging from 10 
g./l. for copper to 30 g./1. for a high-zine a-brass. 

Figs. 12 and 13 illustrate a deformed 15°,-zine a-brass 
and a cast tin bronze respectively ; note the complete 
absence of background scratches in both micrographs. 
The deformed brass was etched in Jacquet’s" electrolytic 
thiosulphate solution, which deposits a sulphide film 
on the surface, and which is extremely sensitive to 
scratches and surface deformation. 

Summary 

Although the high quality of the accompanying 
micrographs results primarily from the use of diamond 
abrasives at the rough-polishing stage, improvements 
in both the preliminary-abrasion and the finish-polishing 
stages have made a substantial contribution to the 
success of the polishing system. The cast abrasive- 
wax lap is a considerable improvement on fine abrasive 
papers in producing a flat surface with well preserved 
edges and good retention of non-metallic inclusions ; 
its use consequently simplifies and shortens the sub- 
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Fig. 11.—Heat treated D.T.D. 289 magnesium alloy, 
etched in ethylene glycol-nitric acid reagent. 
x 100 
307 
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Fig. 12.— 15%-zine alpha brass deformed 30°, etched 


by Jacquet’s electrolytic thiosulphate method. 
x 500 


sequent treatment on the diamond abrasive pads. 
Several of the micrographs also illustrate the scratch- 
free surface which can be obtained on even the softest 
materials by the skidding method on a magnesium- 
oxide pad, a result which cannot be achieved by classical 
finish-polishing treatments. 
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P.M.A. Laboratory Extension 

For a number of years the research activities of the 
Permanent Magnet Association were conducted by 
co-operative investigations carried out in the works 
laboratories of member firms. Centralised research 
began in 1941, and the equipment, by courtesy of the 
University authorities, was originally housed in the 
Physics Department of Sheffield University. 

It was felt desirable that the Association should have 
its-own premises for this work and a start was made 
with a single storey building in Brown Street, Sheffield, 
which was completed in 1946. This gave facilities for 
pilot manufacture and treatment of magnet castings, 
and chemical, metallographic and physical laboratories 
were provided, along with a workshop for the construc- 
tion of instruments and apparatus. Office, library and 
conference facilities were, however, extremely limited, 
and the addition of a second storey, now completed, has 
allowed re-arrangement of the original laboratories, in 
which equipment had become overcrowded. A library 
and conference room has now been provided on the 
upper floor, and a variety of furnaces, recorders and 
controllers, which were previously scattered, now form 
a complete heat treatment laboratory. There is also 
greater storage space and room for some further 
expansion. 

The work of the Central Research Laboratory has 
been mainly concerned with the development of new 
alloys of improved magnetic properties, together with 
detailed investigation of the optimum composition and 
heat treatment of existing alloys leading to improvement 


etched in ferric chloride— 
x 100 


13.—Cast tin-bronze, 
hydrochloric acid reagent. 
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in the quality and yield of manufacturing processes. 
Accurate methods of magnetic testing and chemical 
analysis of the complex alloys used have been established, 
and industrial magnet applications have been investi- 
gated to determine the most efficient magnet designs. 
A large amount of fundamental research on the physical 
properties of magnet materials has led to a better 
understanding of the causes of high coercivity. The 
technological developments have been covered by a 
number of patent specifications. Some of the important 
advances during the short history of the Central Research 
Laboratory have been 

1945 Alcomax II with BHmar 4-5 m.g.o. 

1948 Alcomax III with BHmaz 5-0 m.g.o. 

1949 Alcomax IV with BHmaz 4-5 m.g.o. and H, 750. 

1952 Columax with BHmaz 8-5 m.g.o. 

In addition to the regular reports to the members 
of the Association, there has been a steady stream of 
contributors to scientific journals in this country and 
abroad, so that the work of the Laboratory is well known 
in scientific and technical circles interested in magnetism 
throughout the world. 


Emission from Worked Surfaces 


WE regret that, in the reference on page 203 of our 
October issue to the item at the Physical Society Exhibi- 
tion illustrating emission from worked surfaces, we 
omitted to state that this work was carried out at the 
Mechanical Engineering Research Laboratory, Glasgow. 
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